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ABSTRACT.
The work presented in this thesis deals with a study of serum 
retinol and related factors in patients with epithelial tumours 
(cervical, endometrial, and bladder carcinoma) and non epithelial 
tumours (malignant melanomas and sarcomas).- In addition, dietary 
retinol and beta carotene intakes were measured in the epithelial 
cancer studies.
The patients with cervical cancer had significantly lower serum 
concentrations of retinol, carotenoids, retinol binding protein (RBP) 
and prealbumin (PA) and significantly higher serum copper 
concentrations than both healthy volunteers and hospital controls. 
Serum concentrations of the parameters measured were similar in 
patients with pre-malignant cervical changes and hospital controls. 
Dietary preformed retinol, total retinol and beta carotene intakes 
of patients with malignant and pre-malignant cervical disease were not 
significantly different from hospital controls. Serum concentrations 
of retinol, carotenoids, RBP and PA were significantly lower in 
patients with advanced cervical cancer than in patients with early 
disease. Dietary intake of retinol and beta carotene was not lower in 
patients with advanced disease.
Notable differences in serum and dietary parameters were observed 
between hospital controls and volunteers, and for some parameters 
larger differences occurred between the two groups of controls than 
between hospital controls and cancer patients. Possible reasons for 
this are discussed.
Serum concentrations of retinol, RBP, and copper were similar in 
endometrial cancer patients and hospital controls. Serum 
concentrations of carotenoids were significantly lower in endometrial
cancer patients than in controls. Serum retinol and associated 
factors were very similar in patients with transitional cell carcinoma 
of the bladder and in patients previously treated for bladder cancer; 
there were no significant differences between these two groups and the 
controls. Dietary intake in the three groups were also similar. In 
contrast to cervical cancer, the majority of patients with endometrial 
and bladder carcinoma had early disease.
Serum concentrations of retinol, carotenoids, RBP and PA were 
significantly lower in patients with sarcomas when compared to 
hospital controls. In contrast, in patients with malignant melanoma 
the level of carotenoids and prealbumin in the serum were 
significantly lower than in controls while levels of retinol and RBP 
were similar to controls.
Possible reasons for the lower levels of retinol and associated 
factors in some groups of cancer patients are discussed. The problems 
and limitations of estimates of dietary vitamin A intake are also 
discussed. The relationships of dietary vitamin A, and serum 
concentrations of retinol and carotenoids to human cancer are re­
evaluated.
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CHAPTER 4.
G E N E R A L  IN TR O D U C TIO N .
c h a p t e r  1.
2CANCER,
Cancer is a disease, or rather, a group of diseases about which 
there is much public concern; much of which is justified. One in 
three Britons can expect to develop cancer in their lifetime and one 
in five deaths in Britain occur as the result of cancer. It has been 
estimated that 180,000 new cases of cancer and 125,000 deaths due to 
oncological disease occur every year in England and Wales. Cancers 
are becoming relatively more important diseases as other diseases are 
brought under control. Although the main burden of malignant disease 
is in the older section of the population, they also affect the young 
and are now second only to accidents and violence as a cause of death 
amoung children and young people in the United Kingdom. An even more 
disturbing fact is that several important cancers of early adult life 
such as cancer of the testis, cervix and breast appear to be 
increasing in frequency (O.P.C.S., 1981).
As a result of public and medical concern about cancer, a great 
deal of research has been initiated, but despite this we are still 
unable to clearly define the malignant cell, although the 
characteristics of cancer can be described. The development of cancer 
involves a process whereby cells in a multicellular organism revert to 
a unicellular economy, that is they progressively escape intercellular 
and hormonal regulation and lose specialised function. It is 
characterised by three major pathological characteristics:
1. Changes in cellular characteristics (hyperplasia, metaplasia, 
dysplasia).
2. Destructive penetration of adjacent tissue (invasion).
3. Separation from adjacent cells followed by migration into other 
tissues to form daughter lesions (metastasis). (Parke, 1983).
3The consequences of neoplastic growth are severe. Without 
treatment cancer is invariably fatal. Even with the treatment 
currently available, the prognosis is often poor. As stated, there 
are 125,000 deaths from cancer each year in England and Wales and with 
a few exceptions the results of treatment as measured by survival are 
little better than they were 20 years ago (O.P.C.S., 1981).
Preventive action is therefore required.
Prevention of cancer can only occur when there is knowledge of 
causation. Epidemiological evidence suggests that 50-90% of all 
cancers are of environmental origin (Rubin, 1973; Alcantara and 
Speckmann, 1976; Gori, 1979) and are therefore potentially 
preventable. Doll and Peto (1981) estimated that 30% of the United 
States* cancer mortality was linked to tobacco; occupational factors, 
pollution, food additives and alcohol each contributed between 1 and 
4% and dietary factors were suggested to contribute as much as 35%. 
Other authors have attributed a higher proportion to dietary factors. 
Thus Wynder (1975) suggested that half of all cancers in women and one 
third of cancers in men are causitively related to nutritional 
factors.
The relationships between diet, nutrition and cancer are complex. 
Nutritional deficiencies, excesses or imbalances may all affect the 
development or progression of tumours. Different cancers are not 
necessarily affected by dietary components in the same way (Alcantara 
and Speckmann, 1976). Dietary components may have opposing effects on 
tumourigenesis and the consequences for the host will depend on the 
balance between opposing factors. Some of the possible relationships 
between diet and cancer are listed in table 1.
TABLE 1.
DIETARY FACTORS THAT HAVE BEEN ASSOCIATED WITH INCREASED RISK OF
HUMAN CANCER.
DIETARY SITE OF METHOD OF REFERENCE
CONSTITUENT CANCER STUDY
High fat Intestine,
breast
International 
comparisons, 
migrant studies, 
metabolic studies, 
animal studies
Wynder (1977).
High alcohol Oral cavity, 
oesophagus
Case control, 
studies in 
alcoholics, 
within nation 
correlations
Rothman (1980)
Low vitamin C Stomach, 
cervix, 
oesophagus
Over
nutrition
Cruciferous
vegetables
Fibre
Breast, 
endometrium
Cervix,
colon*
Colon
Case control
Animal studies, 
case control, 
International 
comparisons
Case control 
studies
International 
comparisons, 
case control, 
metabolic studies
Bright See (1982), 
Mettlin et al. 
(1981).
Doll and Peto
(1981).
Marshall et al. 
(1983).
Reddy (1980).
Meat
LowVitamin A
Colon Special group
studies, national 
and international 
comparisons
Lung, • Animal studies,
bladder, case control,
head and neck, prospective studies, 
gastro- biochemical studies
intestine
Hill (1975). 
Hirayama (1979).
Peto et al. (1981)
(* decreased risk, for consumption of cruciferous vegetables.)
5There has been much excitement about the possible link between 
vitamin A and cancer. It has been estimated that over 90% of human 
cancers are of epithelial origin (Cairns, 1975). Vitamin A has an 
essential role in controlling differentiation of epithelial tissues 
(Moore, 1967). Early studies in experimental animals revealed that 
vitamin A deficiency leads to metaplastic changes in epithelia, 
especially in the respiratory, gastrointestinal and urogenital tracts 
(Wolbach and Howe, 1925). The metaplastic changes of vitamin A 
deficiency resemble early neoplastic changes (Harris et al., 1972). 
Indeed, as early as 1926, Fujimaki reported increased numbers of 
gastric carcinoma in albino rats fed a vitamin A deficient diet. 
Furthermore there is increasing epidemiological evidence suggesting an 
association between vitamin A and cancer of epithelial origin in man 
(Bjelke, 1975; Ibrahim ej: al., 1977; Mettlin and Graham, 1979; Mettlin 
et al., 1979; Wald eDt al., 1980; Kark et al., 1982; Mahmoud and 
Robinson, 1982; Marshall et al., 1983).
VITAMIN A.
Structure, Requirement and Metabolism of Vitamin A.
Vitamin A, a fat soluble vitamin, has a number of documented 
biological effects. It is necessary for vision (Wald, 1968); this is 
the only physiological function of vitamin A that is clearly 
understood. It is also necessary for growth (Wolf, 1980); 
reproduction (Thompson et al., 1964) and for proper differentiation of 
epithelial tissues (Ue Luca e_t al., 1972; Wong and Buck, 1971). There 
are three naturally occurring biologically active forms of vitamin A, 
namely, retinol, retinal and retinoic acid, which exist primarily in 
the all trans form. Retinol, the principal form of vitamin A can be
reversibly oxidised to retinal which is active in the visual cycle 
(Wald, 1968). Retinal can be further oxidised irreversibly, to 
retinoic acid, which altnough capable of promoting growth and 
differentiation of epithelial tissue, is not active in vision (Dowling 
and Wald, 1960), or reproduction (Thompson e£ al., 1964).
Humans require less than 1 mg of vitamin A each day. The 
recommendation for adults in the United Kingdom is 750 pg retinol 
equivalents per day (1 pg is equivalent to 3.3 IU - D.H.S.S., 1979). 
This is derived either from animal sources such as dairy produce and 
liver as retinyl esters, or as precursors - carotenoids, mainly beta 
carotene, from yellow and green vegetables and fruits (Elias and 
Williams, 1981). The structures of some compounds with vitamin A 
activity are outlined in figure 1.
A variable fraction of dietary beta carotene is converted in the 
intestine to retinal. The amount converted depends upon other factors 
including the food source and other dietary components (Mathews Roth, 
1982a). Furthermore the fraction converted decreases as the amount of 
beta carotene in the diet increases, so that even massive doses do not 
result in hypervitaminosis A (Bagadon et: al., 1960; Peto e£ al.,
1981). It is estimated that on average beta carotene yields one sixth 
of its weight of retinol (D.H.S.S., 1979).
Dietary retinyl esters are hyrolysed to free retinol in the lumen 
and brush border of the small intestine. Bile salts are required for 
absorption of the free retinol into the intestinal wall, where it is 
immediately reesterified by microsomal esterases (Mahadevan et^  al., 
19b3a). Exogenous and endogenous palmitic acid is the major fatty 
acid for this esterification (Mahadevan et al., 1963b). The retinyl 
esters associate with chylomicrons and enter the lymphatic system
7THE STRUCTURE OF /I CAROTENE, RETINAL, RETINOIC ACID
AND RETINOL.
FIGURE 1.
(Goodman et al., 1966). The chylomicron retinyl esters are removed 
from the circulation by the liver where they are rehydrolysed to 
retinol and re-esterified, again mainly with palmitic acid and stored 
in combination with very low density lipoproteins (Wolf, 1980). The 
storage occurs in the hepatocyte (Elias and Williams, 1981) and 
specialised stellate cells - the fat storing cells, also known as Ito 
cells, (Hirosawa and Yamada, 1973). Retinoic acid, however, is 
absorbed with short chain fatty acids into the portal system where it 
combines with albumin and circulates as such in the blood. It is not 
cleared from the blood by liver storage but by rapid metabolism and 
excretion (Ott and Lachance, 1979).
Those carotenoids with at least one unsubstituted conjugated
triraethyl cyclohexenyl ring (eg. alpha, beta and garaa carotene) can be
converted into retinol (Wolf, 1980). The major carotenoid source of
retinol is beta carotene. As with retinol, bile salts are necessary
for its absorption into the intestinal cell. Inside the mucosal cell
it is cleaved into retinal by a dioxygenase. The dioxygenase is a
2+cytosolic enzyme requiring the presence of oxygen and Fe . The 
retinal formed is reduced to retinol by alcohol dehydrogenase and 
NADh. It is then esterified to retinyl esters which are 
indistinguishable from those derived from preformed retinol (Wolf, 
1980). In addition to central cleavage of beta carotene, there is 
evidence that stepwise oxidative cleavage from one end of the 
carotenoid molecule may also occur (Simpson and Chichester, 1981). A 
proportion of the beta carotene is absorbed as such and transported to 
the liver in chylomicrons. It is taken up by the liver and released 
bound to low density lipoproteins, in which form it circulates in the 
blood (bjornson et al., (1976). It was believed that the liver also
contained the necessary dioxygenase for conversion of carotene to 
retinal, however, this is now disputed (Goodwin, 1984).
In addition to liver storage excretory mechanisms exist. 
Metabolites of retinol are excreted principally in the bile, but also 
in urine. Some of the urinary metabolites have now been characterised 
(Reitz e£ al., 1974). There is controversy about the main biliary 
products. Olson (1967) identified retinoyl glucuronide as the main 
product, however, De Luca et al. (1981), found that less than 20% was 
retinoyl glucuronide. Hill and Struck (1983) have reviewed the 
metabolism of natural and synthetic retinoids.
Vitamin A Transport and Mode of Action.
Retinol is a highly surface active and unstable molecule, which 
in the body must be bound to protein to prevent toxicity and 
degradation (Sreekrishna and Cama, 1979)., Stored vitamin A is 
mobilized from the liver as the free alcohol, retinol, bound to a 
specific carrier protein, retinol binding protein (Kanai et al.,
1968). Retinol binding protein (RBP) has a molecular weight of about 
21,000 and is composed of a single polypeptide chain (Raz et al., 
1970). RBP is found in association with the Golgi apparatus and 
endoplasmic reticulum (Glover et al., 1974). Sopranol e£ al. (1981) 
have identified a precursor of RBP, preRBP with a molecular weight of 
24,000. THe preRBP is cleaved to RBP during translocation across the 
endoplasmic reticulum bilayer. Here RBP picks up retinol released 
from storage esters by the activity of liver esterases. It is 
released into tne circulation as the holo protein, which is more 
stable than the apo protein (figure 2),
RBP has a single binding site for retinol (Kanai ej: al., 1968). 
It interacts strongly with thyroxine binding prealbumin and circulates
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FIGURE 2.
METABOLISM OF RETINOL AND RBP IN THE HEPATOCYTE.
Adapted from Elias and Williams (1981).
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as a 1:1 molar complex (molecular weight 75,000). Interaction with 
prealbumin (PA) stabilizes the RBP-retinol complex (Peterson, 1971) 
and prevents its excretion at the kidney (Vahlquist, 1972). Although 
RBP normally circulates as a 1:1 molar complex with PA (figure 3), 
there may be 4 binding sites (one on each subunit) for RBP (Van 
Jarsveld et al., 1973).
In individuals with normal vitamin A status, the level of RBP - 
bound retinol is not materially influenced by dietary intake (Peto et 
al., 1981). Indeed, in the Sheffield study, plasma retinol remained 
constant for at least 8 months in 16 volunteers on a vitamin A 
deficient diet and in one individual there was no appreciable drop 
even after 22 months (Hume and Krebs, 1949). RBP and PA and hence 
retinol, levels are influenced by a number of factors. RBP is not 
mobilized from the liver in the absence of vitamin A (Sreekrishna and 
Cama, 1979). Thus in vitamin A deficiency apo RBP accumulates in the 
liver (Muto e_t al., 1972). However, vitamin A deficiency has no 
effect on liver or serum PA, thus suggesting that secretion of RBP and 
PA are independently regulated (Navab et al., 1977). Both transport 
proteins are reduced in protein energy malnutrition (Smith, 1973). 
Zinc may be involved in RBP synthesis or release (Smith, 1980). This 
effect may, however, be a generalised effect on protein synthesis. 
Glucocorticoids increase the release of RBP from the liver (Chytil,
1982). Serum retinol fluctuates in women in a cyclical pattern during 
the menstrual cycle, being lowest at menstruation with a peak around 
the 14th day (Laurence and Sobel, 1953). Oestrogenic oral 
contraceptive agents cause a profound rise in serum retinol, RBP and 
PA (Calabrese, 1980; Vahlquist e t al., 1979).
In addition to its role in transport, RBP is an indispensable
FIGURE 3.
DIAGRAMAT1C REPRESENTATION OF THE 
RETINOL BINDING PROTEIN -  PREALBUMIN COMPLEX .
(from Elias and Williams, 1981).
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entity for recognition at the target cell(Rask and Peterson, 1976). 
Rolo RBP interacts with the receptor and releases retinol into the 
cell. The apo RBP formed is in some way altered and can no longer 
bind retinol or PA and is therefore susceptible to glomerular 
filtration (Peterson e t al., 1974).
Inside the target cell retinol also binds to a protein, cellular 
retinol binding protein (Bashor e£ al., 1973). Cellular retinol 
binding protein (CRBP) has a stringent requirement for an alcohol 
group at ^  C and therefore does not bind retinal or retinoic acid. 
Subsequently Ong andChytil (1975) identified a specific intracellular 
binding protein for retinoic acid, cellular retinoic acid binding 
protein (CRABP). The presence of two separate binding proteins 
suggests that these molecules are not interchangeable in cellular 
metabolism (Chytil and Ong, 1978).
Although the precise role of cellular binding proteins is not 
known, they may play a crucial role in mediating the action of 
vitamin A, in a manner analogous to that of steroid hormone receptors 
(Mainwaring, 1975). Indeed, Chytil and Ong (1978) detected a specific 
interaction of retinol-CRBP with nuclei isolated from the livers of 
vitamin A deficient rats. The binding was specific and saturable. 
Subsequently, Liau et al. (1981) demonstrated that pure CRBP delivers 
retinol to specific nuclear binding sites on isolated chromatin, 
without itself remaining bound. The authors suggest that binding to 
specific sites on the chromatin may alter gene expression.
Apart from its role in vision (Wald, 19b8), very little is known 
about the mechanism of action of vitamin A. However, studies of 
deficiency and excess have provided leads at the molecular level.
The most profound effect of vitamin A is its ability to control
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differentiation of epithelial tissues. Epithelium, a tissue composed 
of tightly packed cells with a minimum of intercellular substance, is 
found lining all internal and external surfaces (Davies and Coupland,
1969). In rats fed a vitamin A deficient diet, normal epithelium is 
replaced by a stratified keratinising epithelium in various parts of 
the respiratory, alimentary and genitourinary tracts, eyes and para 
occular glands (Wolbach and Howe, 1925). The growth activity was not 
reduced but greatly augmented, suggesting the acquisition of 
neoplastic properties. Addition of vitamin A reversed these changes 
(Wolbach and Howe, 1933).
Although there are many changes in epithelia, the most striking 
and consistent histological observation of vitamin A deficiency in 
epithelia is a decline in periodic acid schiff staining; conversely, 
addition of vitamin A to organ culture increases staining (Wolf,
1980). This stain reveals the presence of glycoproteins and 
glycosaminoglycans.
The role of vitamin A in the synthesis of polysaccharide 
macromolecules was more clearly elucidated when it was discovered that 
monosaccharides were transferred to isoprenoids such as dolichol 
(Wolf, 1980) or retinol (De Luca et al., 1970). Sugars are activated 
to sugar nucleotides (e.g. GDP mannose) before being incorporated into 
complex glycans. Activation occurs in the cytosol, whereas the 
incorporation of the sugar occurs in the lipid environment of the 
endoplasmic reticulum (Wolf, 1980). Retinyl phosphate and dolichol 
phosphate are constituents of normal rat liver membranes, and mannosyl 
retinyl phosphate and glactosyl retinyl phosphate have been shown to 
be synthesised in vivo, in cultured cells and in isolated membranes 
(De Luca, 1977). GDP mannose donates mannose to retinyl phosphate and
15
dolichol phosphate, with 20-40% of the mannose appearing associated 
with retinyl phosphate (De Luca e_t al., 1979). The glycosidic 
derivatives of retinyl phosphate form a class of compounds distinct 
from the derivatives of dolichol phosphate (De Luca, 1977). 
Maifosyl retinyl phosphate has been shown to donate mannose directly to 
membrane glycoproteins. It is not yet clear whether the acceptor 
molecules are constituents of membranes or are secretory products. 
Further research in this area may help to elucidate the function(s) 
of vitamin A.
Although vitamin A is essential for life, high intakes are toxic. 
Acute hypervitaminosis A causes drowsiness, irritability, headache 
and vomiting (Wolf, 1980). Chronic effects in children include bone 
pain, non inflammatory soft tissue swelling, hypercalcaemia, anorexia, 
increased cerebrospinal and intra cranial pressure. In adults the 
most frequent symptoms are hepatosplenomegaly, skin desquamation, bone 
pain, weakness, fatigue, headache and anorexia (Elias and Williams,
1981). In tissue culture hypervitaminosis A induces mucous metaplasia 
in epithelium that normally keratinises, and has profound effects on 
bone and cartilage (Fell, 1960). There is also evidence suggesting 
teratological effects (Gal et al., 1972).
Some of the effects of excess vitamin A may be explained by the 
surface activity of free retinol. This is the result of the 
ampipathic structure of retinol. It has the ability to destroy 
membranes of cells and organelles, lysosomal membranes being 
particularly susceptible to this (Dingle and Lucy, 1965). Normally 
the cell is protected from the toxic effects of vitamin A by its 
binding to RBP and CRBP. However, on ingestion of excessive amounts 
the liver's storage capacity is exceeded, resulting in liver damage
16
VITAMIN A AND CANCER IN EXPERIMENTAL ANIMALS.
Vitamin A Deficiency and Carcinogenesis.
As early as 1926, Vitamin A deficiency was associated with 
gastric cancer in albino rats (Fujimaki, 1926). Vitamin A deficiency 
and exposure to carcinogens both cause morphologically similar 
squamous metaplasia in tracheal epithelium, although there are 
differences at the ultrastructural level (Harris eX al., 1972). 
In fact vitamin A deficiency, at least in experimental animals, 
enhances susceptibility to chemical carcinogenesis. Thus, Rodgers et 
al.(1973) demonstrated that chronic vitamin A deficiency increased 
the incidence of colon tumours in rats treated by intra gastric 
instillation of 1,2 methyl hydrazine. Cohen et al.(1974) reported 
reduced latent period in rats with hypovitaminosis A treated with a 
bladder carcinogen. Increased incidence of colon carcinomas in rats 
exposed to aflatoxin was associated with low dietary and hepatic 
vitamin A (Newberne and Rodgers, 1973).
Prevention of Cancer by Vitamin A and its Analogues.
Vitamin A and its analogues, collectively known as retinoids, 
have received widespread use in attempts to prevent experimental 
carcinogenesis (Hill and Grubbs, 1982). Initially natural retinoids 
were used (Chu and Malmgren, 1965; Boliag and Ott, 1975). However, 
use of natural retinoids is associated with the problems of toxicity 
and achieving adequate tissue distribution (Sporn e£ al., 1976). 
Attention was therefore turned to synthetic retinoids with a better 
therapeutic index; that is lower toxicity relative to their 
therapeutic effect (Bollag, 1983a).
V a r i o u s  i n  v i t r o  t e s t  s y s t e m s  h a v e  b e e n  d e v e l o p e d  w h i c h  e n a b l e
and release of free retinol into the circulation (Peto et al., 1981).
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rapid assessment of retinoids (Clamon e£ al., 1974; Chopra and 
Wilkoff, 1976; Sporn e£ al., 1976; Wilkoff e£ al., 1976). There is 
good correlation between activities in the various in vitro test 
systems and these in turn show a high degree of correlation with 
in vivo test systems (Sporn and Newton, 1979). One of the most widely 
used test systems is the ability to cause regression of experimental 
sicin papilloma in mice, measured against the hypervitaminosis A 
syndrome (Elias and Williams, 1981).
There are three components of the retinoid molecule - 
cyclohexenyl ring, hydrocarbon side chain and a polar terminal group. 
The molecule may be altered in any of these positions. Some examples 
of modifications that have resulted in retinoids with significant 
biological activity are shown in figure 4. In addition to reduced 
toxicity relative to therapeutic effect, retinoids have been developed 
that have different patterns of tissue distribution. Examples include 
retinyl butyl ether which has very low liver storage (Sporn,1977), and 
4 hydroxyretinamide which is markedly stored in breast tissue without 
high liver storage (Sporn and Newton, 1979). Thus retinoids may be 
produced with a favourable therapeutic index and tissue distribution, 
for use as specific cancer chemopreventive agents. Examples of 
successful use of retinoids in intact animals are given in table 2.
There are, however, reports of retinoids being ineffective 
(Chowaniec ejt al., 1980), or even causing increased tumourigenesis. 
Thus Baron ftt al. (1981), demonstrated increased local tumour growth 
in the presence of retinoic acid and partial reversal of interferon's 
protective effect. Polliac and Sasson (1972), demonstrated an 
enhancing effect of excess topical vitamin A prior, or subsequently, 
to inoculation of Rous sarcoma in chickens. They attributed the
F I G U R E  4 .  COMPONENTS OF THE RETINOID MOLECULE.
(from Sporn eLal., 1976).
EXAMPLES OF MODIFICATIONS OF THE RETINOID MOLECULE THAT HAVE SIGNIFICANT
BIOLOGICAL ACTIVITY.
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EXAMPLES OF INHIBITION OF CARCINOGENESIS BY RETINOIDS IN INTACT 
ANIMALS.
TABLE 2.
(Abbreviations used:- 7-12 DMBA = 7-12 dimethyl benz[ajanthracene,
TPA = 12-0-tetradecanoyl phorbol 13 acetate, 
3 MCA - 3 methylcholanthrene,
BHNA = N butyl-N(hydroxy-butyl)nitrosamine.)
Animal Site Carcinogen Retinoid Reference
Mouse Forestomach 7-12 DMBA + TPA Etretinate Wagner et al. 
(1983).
Rat Mammary
gland
7-12 DMBA Retinyl
acetate
McCormick et al 
(1981).
Rat Transplanted
hepatocellular
carcinoma
Vitamin A Morre et al. 
(1980).
Hamster Cervix, 7-12 DMbA or
forestomach benzo[ajpyrene
Retinyl
palmitate
Chu and Malmgren 
(1965).
Rat Transplanted
chondrosarcoma
Ro 11-1430 Oegema and 
Parzych (1981).
Mouse C3HBA tumour 
transplant
Vitamin A Seifter ej: al. 
(1981).
Rat Bladder N-metyl-N-
nitrosourea
13 cis
retinoic acid
Sporn e t al. 
(1977).
Rab bi t Aur i c le s 7-12 DMBA Ro 10-9359 Mahrle and 
Berger (1982)
Rat Respiratory 3 MCA
tract
Retinyl
acetate
Cone and
Nettesheim
(1973).
Rat Bladder BHNA N ethyl 
retinamide
Hicks et al. 
(1982).
Rat Pancreas Azaserine N-2-hydroxy
ethyl
retinamide
Longnecker 
et al. (1982),
Mouse Bladder BHNA 13 cis Becci et: al.
retinoic acid (1978).
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effect to membrane labilizing properties of vitamin A. Schroder et 
al. (1980) suggested that under certain conditions retinoic acid may 
have tumour activating properties. Despite the documented negative 
effects, the wealth of evidence Indicates primarily a protective 
effect of retinoids in carcinogenesis.
Mechanism of the Anticarcinogenic Activity of Retinoids.
The mechanism by which retinoids exert their protective effect is 
not known but a number of proposals have been made. Retinoids may 
interfere with the activation of those carcinogens that require 
metabolic activation e.g. polycyclic aromatic hydrocarbons (Hill and 
Shih, 1974). Retinoids inhibit the mutagenicity of various chemicals 
in the Ames salmonella/microsome test (Busk and Ahlborg, 1982). 
However, Chopra and Wilkoff (1976) found that retinoic acid inhibited 
and reversed the effect of both 3 methylcholanthrene and 
methyl N nitroso guanidine in prostatic tissue in culture; the former 
carcinogen requires metabolic activation whereas the latter does not 
(Marquardt et al., 1972).
One of the best studied models of carcinogenesis is the two 
staged system in mouse skin. Carcinogenesis may be divided into an 
initiation and promotion stage. At low doses, initiators cause an 
effect resulting in a cryptic state manifest by the fact that 
subsequent exposure to a promoter results in benign or malignant 
tumours. Promoters are not themselves carcinogenic and must be given 
after the initiator. Their action requires prolonged exposure, unlike 
initiators where a single exposure may be sufficient (Weinstein and 
Troll, 1977).
Dickens and Sorof (1980) looked at the ability of chemicals to 
transform tissue in organ culture in the presence of retinylidene
dimedone. The retinoid appeared to act antipromotionally and largely 
on carcinogens that required metabolic activation. The effect was not 
due to interference with activation of the carcinogens as it was not 
effective if given prior to or concurrently, but only if given after 
the carcinogen. Further supporting evidence was provided by Sporn 
et al. (1977) who demonstrated lower incidence and extent of bladder 
tumours in rats fed 13-cis retinoic acid even after completion of 
carcinogen treatment. More supporting evidence for an anti 
promotional mechanism is derived from experiments that demonstrate 
opposing effects of retinoids and phorbol esters (potent promoters) on 
ornithine decarboxylase (Clamon, 1980; Elias and Williams, 1981). 
However, McCormick e£ al. (1981) demonstrated both early and late 
inhibition of mammary carcinogenesis by retinyl acetate. The authors 
suggest that the early and late inhibition might have different 
mechanistic bases.
One suggested mechanism by which carcinogens cause anaplasia is 
binding of carcinogens to DNA (Brookes and Lawley, 1964). Genta 
et al., (l974) found greater binding of benzo [a jpyrene to the DNA of 
vitamin A deficient hamster trachea in culture. It is thus possible 
that retinoids exert part of their anticarcinogenic effect by 
preventing binding to DNA.
It has also been suggested that retinoids exert their effect by 
altering gene expression mediated by cellular binding proteins. It is 
proposed that the altered gene expression results in proteins which 
suppress expression of the neoplastic phenotype by maintaining the 
cell in a differentiated state. Comparisons of normal and neoplastic 
tissue reveals different patterns of binding proteins (Elias and 
Williams, 1981). Many tumours have increased levels of CRABP (Lotan,
1980). Although a role for cellular binding proteins and retinoids’ 
anticarcinogenic activity is supported by a correlation between 
presence of binding proteins and sensitivity to retinoids (Lotan, 
1980), contrary evidence was provided by Lotan et al. (1980), when no 
correlation was found between the level of binding protein and the 
extent of growth inhibition by retinyl acetate or retinoic acid. 
Indeed, in one cell line neither binding protein was present but both 
retinoids inhibited proliferation; this observation was supported by 
Libby and Betram (1982).
Retinoids may exert their effect via an effect on cell membranes 
and gap junctions. The principal proteins of cell membranes are 
glycoproteins and retinoids have a role in glycoprotein synthesis 
(De Luca, 1977). The cell surface membranes may have the capacity to 
recognize other cells and may be able to respond to this recognition 
by influencing events inside the cell (Wolf, 1980)* This recognition 
process could be involved in contact inhibition and density dependent 
growth inhibition, which are conspicuously absent from cancer cells. 
Retinoids could exert antineoplastic effects by stimulation of cell 
recognition.
The plasma membranes of cells contain specialised junctions 
including desmosomes and gap junctions. Electrical signals, ions and 
low molecular weight (< 1000) molecules can pass through gap junct­
ions into adjacent cells. Thus, gap junctions may play a central 
role in the regulation of tissue organisation, coordination and growth 
(Elias and Williams, 1981). It has been noted that during 
carcinogenesis most gap junctions disappear. Retinoids stimulate gap 
junction production in some cell systems; thus, a possible mechanism 
for their anticancer activity could be improved cellular communication
via stimulation of gap junction hyperplasia (Elias e_t al., 1980). 
Substantial hyperplasia of gap junctions was demonstrated in human 
basal cell carcinoma after topical retinoic acid application. The 
effect occurred early in treatment and preceeded signs of irritation 
or clinical regression. However, systemic vitamin A, although capable 
of inducing clinical regression of skin cancer, does not induce gap 
junction proliferation, suggesting a diversity of cellular mechanisms 
in cancer reversion (Elias and Williams, 1981).
A further possibility is that retinoids exert their anti cancer 
effect by stimulating the immune system. Both natural and synthetic 
retinoids exhibit adjuvant activity (Elias and Williams, 1981). 
Spontaneously arising and chemically induced tumours have tumour 
associated antigens on their cell surface. Although a functional 
specific immunity may exist during early tumour development in the 
host, the growth of many tumours is not inhibited sufficiently to 
arrest tumour development. Progressive suppression of immune response 
to tumour cells has also been noted during induction of skin tumours 
(Lotan, 1980). Selfter et al.(1981) demonstrated increased resistance 
to a transplantable tumour on vitamin A treatment. Malkovsky et al. 
(1983), found enhancement of specific anti tumour immunity in mice fed 
a diet enriched with retinyl acetate. Felix et al. (1976), 
demonstrated tumour inhibition in an allogenic tumour system by 
vitamin A. Immune suppressant treatment decreased the protective 
effect of vitamin A. The delicate balance between host and tumour may 
be upset by an enhanced immune response and result in tumour 
regression or prevention. However, the ability of retinoids to 
inhibit neoplastic activity in vitro where immune reactions are 
absent, precludes immune stimulation from being the only factor in the
innibition of carcinogenic effect in vivo (Lotan, 1980).
Recent identification of transforming polypeptide growth factors 
has given rise to a further hypothesis for the anti tumour effects of 
retinoids (Sporn and Newton, 1979). The polypeptides are direct 
effectors of cell transformation when applied to non transformed 
cells. This has given rise to the idea that the polypeptides may be 
the ultimate carcinogen. Prediction of the existence of such proteins 
was made in the oncogene theory. Oncogenes (or proto oncogenes) are 
cellular genes that have been highly conserved during evolution, which 
are detected by the fact that they confer tumourigenicity when picked 
up by certain retro viruses (Logan and Cairns, 1982). The oncogene 
hypothesis stresses the importance of repressors and suggests that 
agents such as radiation and chemicals exert their oncogenic action by 
destruction of normal repressor systems that keep the oncogenic 
information in check in the normal cells. Retinoids have been shown 
to inhibit transformation induced by sarcoma growth factor (Todaro 
et al., 1978). However, Hiragun e£ al.(1983), using serum free culture 
failed to show this inhibition and in some situations actually found 
stimulation.
Thus, a number of widely different hypotheses, supported by 
experimental data, have been proposed to explain the antineoplastic 
action of retinoids. Retinoids may exert their protective effects in 
different ways under different conditions. None of the suggestions 
are mutually exclusive and further research is required to elucidate 
which effects are primary and which are secondary.
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RETINOIDS AND HUMAN NEOPLASIA.
The promising results in animal experiments and cell culture, led 
workers to examine the role of retinoids in human neoplasia. A number 
of human studies have attempted to assess the interaction between 
dietary vitamin A and cancer (Bjelke, 1975; Mettlin ej: al., 1979; 
Mettlin and Graham, 1979; Gregor ej^  al 1980; Modan e t al., 1981; 
Romney et al., 1981; Marshall et al., 1983).
Information on an individual's diet may be obtained in a number 
of different ways - weighed intake, 24 hour recall, food frequency 
methods or food record (Marr, 1971; Morgan et al., 1978). All methods 
have limitations because of the considerable variation in food intake 
observed in individuals over a period of time. Both retinyl esters 
and beta carotene occur in high concentrations in a small number of 
foods which may be eaten infrequently, further complicating assessment 
of intake. A range of different methods of estimating vitamin A 
intake have been employed in the studies mentioned above.
Bjelke (1975) performed a five year follow up of 8278 men who 
filled in a questioi&ire on frequency of consumption of 25 food items. 
An index of vitamin A intake was negatively associated with lung 
cancer at all levels of smoking. A food frequency questionnaire was 
also used by workers at Roswell Park Memorial Institute in 
retrospective studies of diet and cancer. An index of vitamin A 
consumption was constructed. Patients who had a low vitamin A index 
had increased relative risks of lung, bladder, oesophageal and 
cervical cancer (Mettlin et al., 1979; Mettlin and Graham, 1979; 
Mettlin et al., 1981; Marshall et al., 1983). Nomura et al. (1982) 
used a quantitative food frequency questionaire in volunteers in a
Dietary Studies.
screening programme for gastric carcinoma. In men, low intake of 
vitamin A was associated with more extensive intestinal metaplasia.
Romney e£ al. (1981) used 24 hour recall and three day food 
records to assess the dietary intake of patients with cervical 
dysplasia. The patients with cervical dysplasia consumed less 
vitamin A, vitamin C and beta carotene than matched controls. Gregor 
et al. (1980) questioned lung cancer patients and matched controls 
about their current consumption, consumption 20 years previously and 
personal preferences for some major sources of vitamin A. Consumption 
of vitamin A was significantly lower in the 78 male cases than in 
controls, due mainly to consumption of liver and pills containing 
vitamin A. The difference was not observed in females. Smith and 
Jick (1978) examined vitamin A preparation use in a group of 800 
newly diagnosed cancer patients and 3433 controls. Overall there was 
no convincing evidence of protection although there was a significant 
negative association in men.
Recently Peto et al. (1981), proposed that it may be dietary beta 
carotene rather than retinol which has an anti cancer effect. Several 
studies that used a vitamin A index (Mettlin et_ al., 1979; Mettlin and 
Graham, 1979; Bjelke, 1975), really used a beta carotene index, as 
major sources of preformed retinol were not included in the 
assessment.
A number of mechanisms have been proposed for a protective effect 
of carotenoids, including a direct retinoid effect on cellular 
differentiation in target tissue, or conversion to retinoids in the 
target tissue; protection of tissue by enhancing immunological 
function; or by quenching singlet oxygen (Peto ejt al., 1981). Krinsky 
and Denexe (1982), examined the way carotenoids are able to protect
the ceil from oxidative damage. They may act by quenching triplet 
sensitizers, quenching of singlet oxygen, or by reacting with free 
radicals. Mathews-Roth (1982b), considered the activity of three 
carotenoids - beta carotene, canthaxanthin and phytoene, against skin 
carcinogenesis. The latter two compounds have no pro vitamin A 
activity. All three carotenoids were effective against ultra violet 
light-induced skin carcinogenesis, while only beta carotene was 
effective against tumour induction by 9,10 dimethyl 1,2- 
benzanthracene. Thus carotenoids may be protective by different 
mechanisms in different systems. The mechanism of ultra violet light 
production may be by free radical production. Free radical mechanisms 
may be significant in other methods of carcinogenesis, indeed, Pryor
(1982), maintains that the majority of compounds that are positive in 
the Ames test may involve radical mediated reactions. Extrapolation 
from animal experimentation involving beta carotene to humans may be 
invalid as rodents do not accumulate carotenoids and are very 
efficient at converting beta carotene to retinol, whereas there is 
considerable accumulation of carotenoids and inefficient conversion of 
beta carotene in humans (Goodwin, 1984).
In support of the dietary carotene hypothesis, Shekelle et al. 
(1981) demonstrated in a prospective epidemiological study of 1954 
middle aged men that the intake of an index of beta carotene 
consumption was inversely related to the 19 year incidence of lung 
cancer both before and after adjustment for smoking habits. The 
intake of retinol was not significantly related to risk of lung 
cancer. However, the method employed for constructing the index was 
crude. The data on dietary intake were prospective and it is a matter 
of speculation whether consumption patterns would have been maintained
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throughout the 19 year period as information on the stability of 
consumption patterns is scant.
A complication of epidemiological dietary surveys is that the 
protective effect of one nutrient may be confounded by a harmful 
effect of another nutrient. Furthermore, the protection observed may 
not be due to the nutrient under study but due to some other 
constituent of the food. The possibility of some other constituent of 
vegetables being protective was suggested by Modan et^  al. (1981), who 
found lower consumption of some carotene containing foods (but not 
total carotene) in patients with gastrointestinal cancer when compared 
with matched controls. Other constituents of fruits and vegetables 
that might be protective include ascorbic acid and phenolic compounds 
(Bright-See, 1982; Stich e£ al., 1982).
Serum Retinol and Human Cancer.
In addition to dietary studies, measurements of serum 
concentrations of retinol and carotene have been made by a number of 
workers. Basu et: al. (1976) reported lower plasma retinol in patients 
with squamous and oat cell bronchial carcinoma, but not in patients 
with large cell anaplastic lung cancer. Atukorala et al. (1979) also 
found low retinol levels in patients with lung cancer; this was 
associated with low plasma zinc and RBP concentrations. In an elegant 
study by Chaudhy et al. (1980), vitamin A status was related to stage 
of cancer of tne oropharynx and oral cavity. Plasma retinol and beta 
carotene was estimated in 52 biopsy-proven cases and 49 age,sex and 
socioeconomically matched controls who were free from any systemic 
disease. Mean plasma retinol and beta carotene concentrations were 
significantly lower in patients than controls. According to 
internationally accepted criteria, the majority of patients had
acceptable values; however, a significantly greater number of cases 
than controls had low values and none of the cases had high vitamin A 
levels. The number of carcinoma patients with acceptable beta carotene 
values was significantly lower and the number of carcinoma patients 
with low plasma beta carotene concentration was significantly higher 
than controls. Both mean plasma retinol and beta carotene levels 
showed a fall with advancement of disease. Similarly, Wahi ejt al. 
(1962) found lower serum retinol in patients with carcinoma of the 
oral cavity than those with oral leukoplakia and both patients with 
leucoplakia and those with carcinoma had lower plasma concentrations 
than controls. Bichler et al. (1983) found significantly lower serum 
retinol, RBP and PA concentrations in patients with malignant tumours 
of the head and neck region than in controls.
Studies that have attempted to examine the association between 
vitamin A and cancer have for the most part considered epithelial 
tumours. Only a small percentage of human tumours arise in tissues 
that are not of epithelial origin (Cairns, 1975). However, in 
addition to its role in epithelia, retinol has a role in tissues of 
mesenchymal origin (Fell and Melanby, 1952). Retinoids have been 
shown to be effective inhibitors of a number of experimental non 
epithelial tumours in cell culture and animals (Lotan, 1980; Ettlin 
et al., 1982). Basu et al. (1982), considered retinol and RBP 
concentrations in patients with multiple myeloma. They found 
significantly lower concentrations than in controls.
In addition to retrospective studies a number of prospective 
studies have been performed. In a study by Wald e£ al. (1980) serum 
from 16,000 men was stored and vitamin A measured in the serum of the 
86 men who subsequently developed cancer and in 172 matched controls.
They revealed that lower serum retinol values were associated with 
greater risk of developing cancer, independent of age, smoking habits 
or serum cholesterol; and the association was greatest for men who 
developed lung cancer. Kark et al. (1981) performed a prospective 
study on serum stored for 14-16 years. Serum retinol for the 85 
cancer patients was significantly lower than in 174 age, race and sex 
matched controls. The difference was consistent for the various 
cancer sites and cell types. Stahelin et al. (1982), measured serum 
retinol in the basle Cardiovascular Study during 1970-1973. Ten year 
follow-up data on deaths was examined. Lower than average serum 
retinol was not associated with subsequent development of cancers in 
general or development of lung cancer but was associated with stomach 
cancer.
The experimental evidence linking retinoids and cancer has led 
workers to use retinoids in the treatment of various human cancers. 
Examples are given in table 3.
Thus a wealth of evidence supports antineoplastic activity of 
retinoids in animals and humans. It therefore seemed to be of great 
importance to study further the dietary intake and serum levels of 
retinol and carotene in patients with a range of tumours with varying 
histological types that have widely different epidemiological 
associates. We therefore considered both epithelial tumours 
(cervical, endometrial and bladder carcinoma) and non epithelial 
tumours (sarcomas and melanomas).
TABLE 3.
THERAPEUTIC TRIALS OF RETINOIDS IN HUMAN MALIGNANT AND PREMALIGNANT 
CONDITIONS.
Site Retinoid Clinical effect.
Oral
leukoplakia
CIN
Bronchial
metaplasia
Various
Oral13cis RA 
(lozenge)
Topical all 
trans RA 
(collagen 
sponge/ 
diaphragm)
Ro 10-9359 
(enteral)
13 cis RA 
(enteral)
11 patients completed 6 months treatment 
- 3 complete responses, 6 partial 
responses; rapid recurrence on 
termination of treatment, "acceptable 
level of toxicity" (Shah ejt al., 1983).
18 patients treated for 4 days - reduced 
size of CIN noted on colposcopy in 33%, 
55% significant vaginal toxicity 
(Surwit et al., 1982).
Significantly lower index of metaplasia 
in 11 subjects who completed 6 months 
treatment and did not change smoking 
habits. No side effects in 29/30 
patients' (Gouveia ^t al., 1982).
25% of patients with advanced squamous 
cell carcinoma showed some 
response to one month's treatment. 60% 
of patients with preneoplastic squamous 
conditions showed some response. One 
of 13 patients with metastatic malignant 
melanoma > 50% reduction in subcutaneous 
mass. Skin and mucosal toxicity seen in 
90% with nausea, vomiting, joint pain + 
lipid changes in a smaller proportion 
(Meyskens et al., 1982).
Cutaneous
metastatic
melanoma
All trans beta 
RA (topical)
Premalignant Ro 10-9359 
+ malignant (enteral) 
skin
conditions
Advanced
neoplasia
Ro 10-9359 
(enteral)
2 patients - complete regression of 
treated lesion in 1 patient, partial 
response in~other (Levine~and Meyskens~7‘'~~~
1980).
29 patients with actinic keratosis - 70% 
complete clearing; multiple basal cell 
carcinoma - complete clearing in 10%, 
good improvement in 38%. Basal cell 
carcinoma recurred after withdrawal of 
retinoid. Skin and mucosal side effects 
in 90% (Berretti et al., 1981).
17/19 patients treated for at least 4 
weeks had progression, disease static in 
one patient with metastatic malignant 
melanoma and one with lung 
adenocarcinoma (Rustin and Bagshawe, 1982).
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CARCINOMA OF THE UTERINE CERVIX.
The Normal Cervix.
The cervix is a 2-4 cm long, narrow cylindrical section of the 
uterus. It is continuous with the inferior aspects of the uterine 
corpus (figure 5,). The cervix may be divided into the supravaginal 
and intravaginal portions (ectocervix). The supravaginal portion is 
covered with peritoneum posteriorly, and anteriorly it is separated 
from the bladder by fatty tissue. Laterally it is connected with the 
broad ligament and parametrium. The intravaginal portion is a free 
section that projects into the vault of the vagina, opening into the 
vaginal cavity through a small transverse slit, the external os 
(Disaia, 1981).
The stroma of the cervix is composed of connective tissue, 
unstriated muscle and elastic tissue. The cervical canal is lined by 
ciliated columnar epithelium with basal nuclei. The cervical glands 
are ingrowths of the surface epithelium but the cells lack cilia 
(McClure Browne, 1973). The ectocervix is covered with stratified 
squamous epithelium. The squamocolumnar epithelial junction lies at 
or near the external os (Disaia, 1981).
Pathology of the Cervix.
There are three lesions of the cervix that may be considered 
malignant - dysplasia, carcinoma in situ and invasive carcinoma. 
Abnormalities of the cervix may be detected at the preclinical stage 
by the Papanicolaou smear (British Medical Journal, 1980).
Dysplasia is a term applied to atypical changes in the cervical 
epithelium. The cells exhibit varying degrees of differentiation and 
the nuclei become enlarged and hyperchroraatic. Dysplasia is divided 
into mild, moderate and severe dysplasia according to the degree of
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FIGURE 5.
MESIAL SAGITTAL SECTION THROUGH THE UTERUS.
(Adapted from McClure Browne, 1973).
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differentiation. As one progresses up the spectrum, the likelihood of 
the lesion reverting to normal decreases, and progression to carcinoma 
in situ becomes more likely (Disaia, 1981).
Carcinoma in situ (CIS) is a term applied to the earliest 
neoplastic lesions where there is no evidence of invasion. The 
architecture of the epithelium is completely disrupted and the 
division into basal, parabasal, intermediate and superficial cornified 
layers is not possible. The entire epithelial thickness is occupied 
by a mass of irregularly distributed similar cells which contain large 
nuclei that vary in shape (Disaia, 1981). Recently the term cervical 
intraepithelial neoplasia (CIN) has been introduced to embrace all 
precursors of cervical carcinoma and so enhance the concept of a 
continuous spectrum of change (Coppleson, 1981). The comparison of 
traditional and CIN terminology is illustrated in figure 6.
Asymptomatic invasive carcinoma may be detected on cervical smear 
screening. More advanced tumours tend to be symptomatic, associated 
with abnormal patterns of bleeding, discharge and pain. 
histological Tumour Types.
Over 90% of cervical carcinomas are of squamous type but about 7% 
are adenocarcinoma (Korhonen, 1980). Mixed tumours, adenosquamous 
carcinomas ? may also occur (Riotton et al.,1973). Over 90% of the cases of 
squamous cell carcinoma arise in the glandular area, usually within 
10 mm of the original squamocolumnar junction (Clement and Scully, 
1982). The prognosis of cervical carcinoma is related to the level of 
advancement of the disease. Tumours are therefore staged as outlined 
in table 4.
Aetiology of Cervical Cancer.
Epidemiological studies have consistently revealed low
FIGURE 6.
COMPARISON OF TRADITIONAL AND CIN TERMINOLOGY.
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STAGING OF CERVICAL CANCER (NOMENCLATURE OF THE INTERNATIONAL 
FEDERATION OF GYNAECOLOGY AND OBSTETRICS).
Stage 0 - Microscopic evidence of cervical dysplasia and carcinoma in 
situ. Disease confined to cervix.
Stage I - No visible tumour but on microscopic examination of cone 
biopsy, invasive carcinoma found.
1A - Microinvasive carcinoma (early stromal invasion).
IB - Visible tumour present but not spread to adjacent tissue.
Stage ILL - The carcinoma extends beyond the cervix but has not 
extended to the pelvic wall. The carcinoma involves the vagina but 
not as far as the lower third.
1IA - No obvious parametrial involvement.
1IB - Obvious parametrial involvement but tumour is not fixed to 
pelvic wall.
Stage III - The carcinoma has extended to the pelvic wall. On rectal 
examination there is no cancer free space between the tumour and 
pelvic wall, or the tumour has spread to the lower third of the 
vagina.
IIIA - No extension to pelvic wall.
IIIB - Extension to pelvic wall, and or hydronephrosis or non 
functioning kidney.
Stage IV - The carcinoma has extended beyond the true pelvis or has 
clinically involved the mucosa of the bladder or rectum.
IVA - Spread of growth to adjacent organs.
IVB - Spread to distant organs.
TABLE 4.
(Disaia, 1981).
socioeconomic status, earlier marriage or coitus and higher numbers of 
marriages as risk, factors for cervical cancer (Wynder, 1969). 
Nulliparity and the use of barrier methods of contraception are 
associated with lower relative risk (Fasal e£ a1., 1981).
Circumcision may be protective although this is disputed (Wynder, 
1969). Thus in some way cervical cancer is associated with sexual 
activity. A number of postulates have been made: one is that sperm 
may be mutagenic (Fenoglio and Ferenczy, 1982). Another possibility 
is that a virus is involved. Two viruses under study are papilloma 
virus and Herpes simplex type 2 (HSV-2).
The relationship between HSV-2 and cervical cancer has been 
widely researched. The evidence supporting a role for HSV-2 include 
epidemiological evidence which suggests a transmissable agent is 
involved, the mode of transmission of HSV-2, presence of HSV-2 DNA and 
RNA in tumour tissue and the occurence of higher titres of antibodies 
to HSV-2 than in matched controls (Rapp, 1980).
Recently attention has also been turned to papilloma virus (PV). 
Reid ejt al. (1982) demonstrated a highly significant relationship 
between subclinical PV infection of the lower genital tract and the 
occurence of cervical neoplasia. Like HSV-2, PV has similar 
epidemiological patterns to cervical cancer; viruses of both groups 
have oncogenic potential in animals. Furthermore subclinical PV 
infection has a persistent nature, is similar in appearance to CIN and 
there is morphological evidence of a possible progression to cervical 
cancer (Reid e t al., 1982).
Smoking and carcinoma of the cervix have been linked on the basis 
of correlations between age adjusted incidence of cervical cancer in 
women and lung cancer in men (Winkelstein, 1977). An epidemiological
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associate may not be causally related; however, Clarke et al. (1982) 
found a two fold increased risk of squamous carcinoma of the cervix 
amongst current smokers, relative to women who had never smoked. 
There was a dose response relationship and adjustment for age, 
education and indices of sexual behaviour did not alter the relationship.
Low socioeconomic status may be associated with marginal 
nutritional status or nutritional deficiency which might play a role 
in the pathogenesis of cervical cancer. Vitamin A may be of 
significance. In rats vitamin A deficiency results in 
hyperkeratinisation of the cervical epithelium (Wolbach and Howe, 
1925). In tissue culture withdrawal of vitamin A results in 
transformation of mucous producing epithelium into a keratinising 
squamous epithelium (Lasnitzki, 1963). Wynder (1969) suggests that a 
properly functioning mucous producing epithelium represents a good 
defensive barrier against carcinogenic stimuli.
Experimental studies by Chu and Malmgren (1965) showed that 
addition of vitamin A to a dimethyl benzanthracene solution applied to 
the cervix, protected the hamster cervix from carcinogenesis. In 
countries where cervical cancer is particularly common (eg South 
America and Peurto Rico) the intake of vitamin A is relatively low, 
and preliminary studies suggest that vitamin A levels of patients with 
cancer of the cervix tend to be lower than controls (Wynder, 1969). 
Romney e£ al. (1981) examined dietary intake of patients with 
dysplasia and revealed significantly lower Intake of vitamins A and C, 
and beta carotene than in matched controls. Thus nutritioal factors 
may be involved in the aetiology of cervical cancer.
Cervical cancer, in common with other cancers, is of 
multifacactorial aetiology. Factors such as length of exposure to
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carcinogens, lifestyle, genotype and environmental factors will 
interact in the aetiology of the disease (Fenogolio and Ferenczy,
1982). Furthermore, different types of tumours at the same site may 
have different aetiologies. Thus Korhonen (1980) suggests that 
adenocarcinoma of the cervix is more closely related to endometrial 
carcinoma than squamous cell carcinoma of the cervix. It has been 
associated with obesity, hypertension, and diabetes and is 
significantly more common in unmarried and nulliparous women than 
squamous cell carcinoma.
Cervical Cancer Incidence and Mortality.
An index of the incidence of cancer may be obtained from cancer 
registrations. Five percent of all cancer registrations in England 
and Wales are for cervical cancer (O.P.C.S., 1981). The incidence of 
cervical cancer varies with age (figure 7.). Over the last decade 
registration rates for women under the age of 45 have risen. The 
increased incidence in younger women may partly reflect increasing 
ascertainment, resulting from increased screening (O.P.C.S., 1982) but
the increases have been observed in other countries and they parallel 
cohort specific increases in rates of gonorrhoea at the age of 20, 
which may be taken as an index of promiscuous sexual activity and 
possibly risk of acquiring an infectious cause of cervical cancer 
(Armstrong and Holman, 1981). Clarke et al. (1982) suggests that the 
increased smoking in younger women may be a contributory factor. 
Treatment and Prognosis.
CIN can be sucessfully treated by cone biopsy or more commonly by 
use of the carbondioxide laser to remove the abnormal transformation 
zone (Popkin, 1983). In early invasive carcinoma radiotherapy 
(internal caesium insertion, or external beam therapy) or surgery
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FIGURE 7.
CARCINOMA OF THE UTERINE CERVIX  
INCIDENCE BY AGE.
a — invasive carcinoma  
a - - carcinoma in situ
(O.P.C.S.,1982)
(Wertheim"s hysterectomy) may be used, either alone or in combination. 
Five year survival rates are 80% for stage I and 60% for stage II. 
When the tumour is advanced, radiotherapy is the treatment of choice 
because of the risk of tumour cell dissemination. With stage III 
disease five year survival rates of 20% have been acheived (Dickson,
1980).
ENDOMETRIAL CANCER.
Carcinoma of the endometrium is cancer of the glandular lining of 
the uterus. Externally the uterus is covered by peritoneum; internal 
to this is the highly muscular myometrium and glandular endometrium. 
The endometrium is lined by ciliated columnar epithelium. The 
epithelium overlies stromal cells and connective tissue. The 
endometrium is a highly vascular tissue which undergoes marked changes 
under the influence of ovarian hormones during the menstrual cycle 
(McClure Browne, 1973).
Histological Types of Endometrial Cancer.
Although the endometrium is continuous with the epithelium of the 
cervix, the types of tumours that arise are different. Endometrial 
carcinomas are predominantly adenocarcinomas. In a recent study of 
262 patients, 94.3% had adenocarcinomas and 3.8% had adenoacanthoma 
(De Palo et al., 1982). The tumours are staged in a manner analogous 
to cervical cancer (table 5).
Aetiology of Endometrial Cancer.
Unlike cervical cancer, endometrial cancer does not appear to be 
related to sexual activity. It is associated with nulliparity and 
there is no social class trend (Chamberlain, 1982). Obesity, 
hypertension and diabetes are frequently associated with endometrial 
cancer. Endogenous and exogenous oestrogens have been implicated in
TABLE 5.
International Federation of Gynaecology and Obstetrics Classification 
of Endoaetrial carcinoaas.
Stage I The carcinoma is confined to the corpus (body of uterus).
Ia length of uterine cavity 8cm or less.
Ib length of uterine cavity more than 8cm.
Stage one cases should be subgrouped with regard to the histologic 
type of adenocarcinoma as follows 
G1 highly differentiated
G2 differentiated adenocarcinoma with partly solid areas 
G3 predominantly solid or entirely undifferentiated carcinoma.
Stage II The carcinoma involves the corpus and cervix.
Stage III The carcinoma extends outside the corpus but not outside the
true pelvis (it may involve the vaginal wall or parametrium).
Stage IV The carcinoma involves the bladder or rectum or extends
outside the pelvis.
(Creasman and Weed, 1981).
endometrial cancer, although there is much controversy about this 
(Creasraan and Weed, 1981).
Incidence of Endometrial Cancer.
Adenocarcinoma of the endometrium (and cervix) have been reported 
to be increasing in incidence (Korhonen, 1980). Indeed, carcinoma of 
the endometrium is now detected twice as often as carcinoma of the 
cervix in the USA (Creasman and Weed, 1981). Carcinoma of the 
endometrium is rare before the age of 40 and has its peak in the post 
menopausal years (O.P.C.S., 1982). It accounts for 4% of cancer
registrations in England and Wales (O.P.C.S., 1981).
Treatment and Prognosis.
Endometrial carcinoma is commonly treated with a combination of 
surgery (hysterectomy and bilateral salpingo-oophorectomy) and 
radiotherapy. The use of adjunctive progesterone is also gaining 
ground (Creasman and Weed, 1981). Prognosis is related to stage of 
disease with 72-90% of stage I patients surviving compared to 9% for 
stage IV. As about 75% of patients present with stage I disease, the 
prognosis is generally good. Survival is also related to 
differentiation. Patients with well differentiated tumours have a 
much better prognosis than those with undifferentiated tumours.
BLADDER CANCER.
The urinary bladder is a muscular sac lined by transitional 
epithelium, known as urothelium. The urothelium is two cells thick 
when the bladder is fully distended but has the appearance of being 5 
to 7 cells in thickness when empty (Blandy, 1976). The urothelium 
lies on a thin lamina propria below which are three layers of 
nonstriated muscle fibres, surrounded by a serous coat. The 
transitional epithelium of the bladder is continuous with that of the 
urethra and ureters (Gardner and Dodds, 1976).
Malignant transformation of the bladder epithelium is relatively 
common in men. Bladder cancer is the sixth most common cancer in men, 
accounting for 6% of cancer registrations and 4% of cancer deaths 
(O.P.C.S., 1981). In women it accounts for 2% of cancer registrations
and deaths. The male preponderance is true for all countries 
(Matanoski and Elliott, 1981). The sex ratio for the United Kingdom 
is approximately 3:1 (Wynder et al., 1963) Bladder cancer is also a 
disease of the aged with registrations for cancer being rare before 
the age of 45 and reaching a peak in the 75 and over group 
(figure 8.). Marked international differences in incidence occur. 
The lowest reported rates for both sexes occur in India, the highest 
incidence rates are reported for Bulqwayo, Africa and Connecticut, 
U.S.A. (Matanoski and Elliott, 1981).
Aetiology of Bladder Cancer.
A number of environmental factors have been implicated as bladder 
carcinogens. Links with occupation were made as early as 1895 when 
Kehn observed several cases of bladder cancer in an aniline dye 
factory (Droller, 1981). Epidemiologic studies subsequently suggested
The Normal bladder.
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that 2 napthalamine and benzidine, intermediates in aniline 
production, were the carcinogenic agents. Bladder cancer is a 
malignancy with a very long latency. Reported mean or median latent 
periods for people working in high risk industries vary from 18 to 44 
years (Matanoski and Elliott, 1981). Thus occupational exposure to a 
carcinogen may occur many years before the disease is diagnosed. 
Occupations (and the implicated chemicals) that have been linked with 
bladder cancer are listed in table b. An elevated risk of bladder 
cancer has been demonstrated for both male and female workers 
occupationally exposed to dust and fumes (Howe et al., 1980).
Cigarette smoking has long been linked to bladder cancer 
(Matanoski and Elliott, 1981). In a Canadian case control study of 
480 male and 152 female cases and their controls, the relative risk 
for ever used versus never used cigarettes was 3.9 for males and 2.4 
in females and there was a dose response relationship. The risk for 
pipe smokers was 2.0. For male ex-smokers the risk after 15 years of 
non smoking was less than half that of current smokers (Howe et al.,
1980). One mechanism proposed for the carcinogenic action of 
cigarettes is that a carcinogen present in smoke is absorbed in the 
lung and excreted in urine in amounts that may have a cumulative 
effect (Droller, 1981). Indeed the urine of cigarette smokers has 
been shown to contain mutagenic compounds (Garner ej: al., 1982). 
Mutagenic urine was also more common in patients with bladder cancer 
whether smokers or non smokers when compared to controls. Estimates 
of the contribution of smoking to the development of bladder cancer 
suggest that up to one third of new bladder cancer can be directly 
attributed to cigarettes (Droller, 1981). However, a recent study 
failed to demonstrate an epidemiological link between bladder cancer
TABLE b.
OCCUPATIONAL EXPOSURE AND BLADDER CANCER
Ocupation 
Aniline dye workers
Rubber and cable workers 
Hairdressers 
Leather finishers 
Spray painters 
Textile weavers 
Petroleum workers 
Medical personnel
Carcinogen
B-Napthylamine,Benzidine, 
aminodiphenyl
Antioxidants (napthylamine 
Dyes (?)
Dyes (?)
Dyes (?)
Dyes (? )
Aromatic residues 
Benzidine
(Droller, 1980).
and cigarette smoking (Weinberg al., 1983). In this study the 
descriptive epidemiology of lung cancer, a smoking related cancer, was 
compared with the descriptive epidemiology of bladder cancer. Racial 
and social class differences were mirrored in lung cancer but not in 
bladder cancer.
Infection with the trematode schistosoma haematobium, known as 
Bilharzia, has been associated with bladder cancer in Egypt and other 
areas of the Middle East (El Aaser and El Merzabani, 1981). Tumours 
associated with schistosomiasis are generally squamous cell 
carcinomas. The mechanism of carcinogenesis may be via chronic 
irritation caused by schistosome eggs deposited in the bladder wall. 
Chronic bacterial infection and foreign body reaction may also play a 
role (Droller, 1981). Although this condition does not occur in the 
United Kingdom, the mechanism may be relevant in conditions where 
there is a history of foreign body irritation (eg. bladder calculi or 
indwelling catheters), recurrent or chronic infection and urinary 
stasis. These conditions have been linked with bladder cancer 
(Matanoski and Elliott, 1981). Nitrosamine formation may occur in 
these conditions if nitrates and secondary amines are present in the 
bladder along with nitrate reducing bacteria (Matanoski and Elliot,
1981). Nitrosamines are potent carcinogens in laboratory animals at 
several organ sites including the bladder. Nitrosamines have been 
detected in the urine of patients with urinary tract infection and 
also in the urine of some bladder cancer patients (Nomura, 1982).
Several studies have investigated familial tendency to bladder 
cancer. Familial clustering might implicate genetic factors in the 
aetiology of bladder cancer. Alternatively this might arise from 
common environmental factors. Recent interest has been stimulated by
research into genetic variability of HLA and other cell surface 
antigens. Increased frequencies of HLA 9, HLA B5, and HLA CW4 genes 
have been demonstrated among patients with bladder cancer when 
compared with controls (Droller, 1981).
A number of dietary factors have been implicated in the aetiology 
of bladder cancer. One of the most controversial is non-nutritive 
sweeteners. Both sodium cyclamate and sodium saccharin have 
demonstrated carcinogenic activity in rodents. However, these studies 
have been severely criticised because the doses represent levels 500 
to 700 times those used in humans and the effects were only observed 
with exposure both in utero and after birth (Matanoski and Elliott,
1981). Sodium cyclamate use spanned a very short period and so its 
impact on human bladder cancer is difficult to evaluate. Saccharin., 
however, has been used for many years. Conflicting results have been 
obtained in several case control studies. Howe et al.(1980) showed 
an increase risk of bladder cancer for males using artificial 
sweeteners and there was a dose response relationship. However, the 
female patients reported less frequent use of artificial sweeteners 
than controls. Several other studies failed to show an increased risk 
(Matanoski and Elliott, 1981).
Abnormalities of tryptophan metabolism have been demonstrated in 
some bladder cancer patients. Certain tryptophan metabolites have 
been found to be carcinogenic to the rodent bladder (Friedlander and 
Morrison, 1981). Levels of kynurenine, acetyl kynurenine, kynurenic 
acid and 3 hydroxy kynurenine are raised in some bladder cancer 
patients prior to or following a loading dose of tryptophan. The 
abnormalities may be associated with pyridoxine deficiency, since 
administration of pyridoxine corrects the abnormalities of excretion
(Droller, 1981). However, Friedlander and Morrison (1981) failed to 
demonstrate abnormalities in tryptophan metabolism in a group of 30 
bladder cancer patients and 33 controls. The significance of 
abnormalities in tryptophan metabolism to human bladder cancer is not 
known.
Much controversy has surrounded the role of coffee consumption in 
bladder cancer. Interpretation of data is difficult because coffee 
consumption is associated with other factors such as smoking, which 
may be a true risk factor. The results of studies are conflicting and 
most of those suggesting a relationship have not shown a dose response 
relationship (Matanoski and Elliott, 1981). Weinberg et al. (1983) 
suggest that the descriptive epidemiology of bladder cancer more 
closely fits the pattern of coffee consumption than either smoking or 
occupation and states that available analytical studies are also 
consistent with a causal relationship. Marett et al. (1983) examined 
the relationship between coffee consumption and bladder cancer in a 
population based case control study. After adjustment for age and 
cigarette smoking, a significant elevation in risk for consuming more 
than 7 cups of coffee a week was found for males but not for females 
and there was some dose response relationship.
The assocciation of bladder cancer and dietary factors was 
examined by Mettlin and Graham (1979). Retrospective data on dietary 
habits, employment history and tobacco use were obtained from 569 
bladder cancer patients and 1052 age matched controls. Sex adjusted 
relative risk revealed increased risk for lower levels of an index of 
vitamin A intake. Increased relative risk was also associated with 
infrequent milk and carrot intake. Some association of bladder cancer 
with infrequent consumption of cruciferous vegetables was also
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observed.
Histological Appearance of Bladder Tumours.
Over 90% of patients with a diagnosis of bladder cancer in Europe 
and U.S.A. have tumours of neoplastic transitional cells. The tumours 
range from flat carcinoma in situ to papillary lesions that extend 
into the bladder lumen and may or may not penetrate the basement 
lamina propria to infiltrate the bladder wall and to more sessile 
lesions that usually penetrate through the muscularis. Transitional 
epithelium occasionally undergoes transformation into a squamous or 
glandular epithelium and neoplastic transformation of these cells may 
occur. Six to 8% of bladder cancers are pure squamous carcinoma and 1 
to 2% are pure adenocarcinomas. A larger percentage of transitional 
cell carcinomas contain foci of other cell types; 20% contain squamous 
foci and 7% contain glandular foci (Droller, 1981).
Staging of Bladder Tumours.
Bladder tumours are staged according to their depth of 
infiltration through the bladder wall. The TNM classification is 
used. This is based on information gathered before any treatment 
has commenced. The classification considers the tumour's extent in 
terms of local extent (T), spread to local lymph riodes (N), and 
presence of distant metastases (Ansell, 1980). Details of the 
classification are listed in figure 9 .
Treatment and Prognosis of Bladder Cancer.
Superficial bladder tumours (Ta and Tl) are the most frequently 
diagnosed bladder carcinomas. • They are usually well differentiated 
and can usually be managed by cystoscopic resection and local 
diathermy. About 60% of such patients have recurrent disease and 
therefore require careful follow up. The high incidence of recurrence
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BLADDER CANCER CLASSIFICATION.
FIGURE 9.
T classification for bladder tumours. Tis = flat in situ carcinoma? 
Ta = papillary non infiltrating tumour? Tl = papillary tumour that 
does not extend beyond the lamina propria? T2 = invasion of the 
superficial muscle; T3a = invasion of deep muscle; T3b = infiltration 
of perivesical fat, mobile; T4a = involvement of adjoining organs? 
T4b = fixed.
may be due to residual tumour after resection or due to continued 
exposure in carcinogenic urine (Rubens and Knight, 1980). Resection 
and diathermy alone may not be successful where the lesions are wide 
spread. In these cases intravesical Thiotepa or Epodyl may be used 
with success in about 40% of cases (Riddle, 1980). The prognosis for 
patients with superficial cancers treated by endoscopic resection and 
diathermy is good with a 5 year survival rate approaching 80% (Rubens 
and Knight, 1980).
Flat carcinoma in situ (Tis) is a rarer carcinoma that occurs in 
younger men. The prognosis of widespread carcinoma in situ is poor. 
Radical cystourethectomy offers the best results. Intravesical 
adriamycin or cyclophosphamide also gives promising results (Riddle,
1980).
There is controversy about the optimal management of patients 
with invasive bladder carcinoma. Most of these tumours are moderately 
or poorly differentiated or frankly anaplastic. Surgery alone 
(radical cystectomy) carries a poor prognosis, with 25% 5 year 
survival for T3 lesions. This may be doubled by preoperative 
radiotherapy. Systemic chemotherapy with a variety of agents, in 
combination and as adjuvants is being tried by a number of groups in 
invasive bladder cancer (Smith, 1981).
In advanced bladder cancer (T4) the prognosis is very poor: the 
majority do not live beyond a year. Generally the lesions are 
inoperable. Palliative radiotherapy may give worthwhile results 
(Riddle, 1980).
MALIGNANT MELANOMAS.
Malignant melanomas (MM) are malignant tumours that arise in 
melanocytes in the skin and also in mucus membranes, the nervous 
system and eyes. Melanocytes are specialised dendritic cells that 
arise in the neural crest and migrate to peripheral sites during 
embryonic development (Sober and Fitzpatrick, 1979). MM may arise 
from pre-existing naevi or arise de novo (Clark et_ al., 1979).
MM are relatively rare tumours. They are more common in women 
than in men, registration rates in the U.K. being 5.4 and 2.9/ 100,000 
people respectively. The incidence of MM increases with age 
(O.P.C.S., 1983). In recent years both the incidence and mortality 
from MM has risen and the increase has been greatest in individuals 
aged less than 65 years (Elwood and Lee, 1979).
Aetiology.
The incidence of MM has been related to exposure to sunlight. 
Thus, in North America the incidence is related to latitude. When 
considered in terms of skin area, MM occur more commonly in exposed 
skin than in non exposed skin. Ultra violet (UV) radiation has been 
suggested to be a major factor in the aetiology of MM (Elwood and Lee, 
1979). Genetic factors may also be important. In a recent case 
control study of patients with superficial spreading or nodular 
melanoma and matched controls, light hair, skin and eye colour, a 
history of heavy freckling in adolescence and a tendency to burn more 
readily and tan more slowly in the sun, were significant risk factors 
for MM. The associations were independent of ethnic origin or of 
recorded amount of exposure to the sun (Elwood et al., 1984). Further 
evidence for tue role of genetic factors in the aetiology of MM is 
provide by the marked variation in incidence of MM with race. Non
Caucasians experience only about one third to one tenth the incidence 
rates of Caucasians when both live in the same geographical location 
(Ward Hinds, 1982).
Dietary factors have also been linked to the aetiology of MM. In 
vitro studies with several human melanoma cell lines and in vivo 
studies in mice have suggested that retinoids are active in preventing 
the growth of MM. Certain food additives e.g. butylated hyroxy 
toluene have been shown to be protective against UV carcinogenesis In 
experimental animals. Alcoholic beverage consumption and diets high 
in polyunsaturaed fatty acids have also been linked to MM. The 
evidence for a role of diet in MM aetiology is, however, weak (Ward 
Hinds, 1982).
Prognosis and Treatment of MM.
Malignant melanoma have a high potential for metastasis. The
prognosis of MM is related to the stage of disease and to the thickness
of the primary lesion. Tumours that are confined to the epidermis
have a better prognosis than those that invade the dermis. MM are
staged according to their degree of spread as follows:
Stage I Primary lesion with or without satellites within 5cm.
Stage II Involvement of a single draining lymph node basin or 
intransit cutaneous metastases (beyond 5cm).
Stage III Involvement of two or more lymph node groups, disseminated 
cutaneous disease or visceral metastases.
(Elder e£ al., 1979)
MM are treated by wide local excision of the lesion in stage I 
disease. In more advanced disease, node disection is necessary 
(Elder et al., 1979). In metastatic disease surgery may be 
ineffective: chemotherapy is increasing in importance for treating 
metastatic MM (Bellet, et al., 1979).
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SARCOMAS.
Malignant tumours of mesenchymal tissue are collectively known as 
sarcomas. These bone and soft tissue tumours are classified according 
to the adult tissue they resemble (Enzinger and Weiss, 1983). Some of 
the more common sarcomas are described below:
Malignant fibrous histocytoma - tumours composed of histocytes and 
fibroblasts. They develop in the soft tissue of extremities and 
retroperitoneal region of all ages.
Fibrosarcoma - usually occur on trunk, extremities and head and neck 
region; they may develop at any age.
Synovial sarcoma - usually develop in distal parts of the extremities 
but do not usually appear to be associated with a joint lining. 
Rhabdomyosarcomas - originate in striated muscle cells; pleomorphic 
type usually occurs on the extremities of adults aged 50-70. 
Liposarcomas - originate in lipocytes; arise along fascial planes and 
perivascular spaces of extremities, retroperitoneum and shoulder 
girdle of middle and older aged people.
Leiomyosarcomas - originate in smooth muscle cells of the 
gastrointestinal tract and other soft tissue; occur at all ages.
(Lawrence and Terz, 1977). 
Sarcomas are relatively rare tumours. Cancer of the articular 
cartilage and bone have registration rates of 1.0 and 0.7/100,000 
people in males and females respectively. Incidence peaks in the age 
group 5-24 and again in the elderly. Registrations for malignant 
tumours of connective tissue and other soft tissue are 1.8 and
1.6/100,000 people in males and females respectively. Sarcomas 
account for less than one percent of cancer registrations in the U.K. 
(O.P.C.S., 1983).
Aetiology.
Little is known of the aetiology of these rare heterogeneous 
tumours. Although sarcomas can be induced in laboratory animals by 
viruses (Troner, 1978) and chemical carcinogens, the tumours induced 
are not easily compared with specific human sarcomas. One factor that 
has been aetiologically linked to sarcoma induction is radiation 
injury. The sarcomas develop at the site of the radiation injury 
(hnzinger and Weiss, 1983).
Prognosis and Therapy.
The prognosis of patients with a sarcoma is related to the size 
of the primary lesion, the histological grade of the tumour, and the 
presence or absence of spread to regional lymph nodes and distant 
organs. The anatomical location may also be of prognostic 
significance. Sarcomas may be treated surgically by wide local 
excision, radical local excision, or amputation. Chemotherapy and 
radiotherapy may be effective adjuncts to surgery (Enzinger and Weiss,
1983).
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NUTRITIONAL CONSEQUENCES OF CANCER AND CANCER THERAPY.
Malignant diseases have profound effects upon the nutritional 
status of the individual. Advanced cancer is commonly complicated by 
cachexia - a syndrome characterised by anorexia, marked asthenia, 
anaemia, loss of adipose tissue and lean body mass (Hall, 1979). In 
some patients generalised malnutrition is also associated with 
indices that suggest depletion of certain vitamins (Dickerson, 1981). 
The severity of malnutrition varies and in some patients there is no 
evidence of malnutrition even in the presence of advanced metastatic 
disease (Soukop and Caiman, 1979). However, more commonly the 
majority of patients with advanced cancer are affected by 
malnutrition. Indeed, Nixon et al. (1980) found almost universal 
prevalence of protein energy malnutrition in 54 patients with advanced 
cancer. Furthermore, the degree of malnutrition significantly 
correlated with survival.
Therapeutic measures may further exacerbate the malnutrition. 
Almost all the drugs used in cytotoxic chemotherapy cause anorexia, 
diarrhoea, nausea, stomatitis and vomiting (Dickerson, 1981). The 
intestine is also very sensitive to ionising radiation and thus 
radiotherapy may result in serious nutritional consequences (Welch,
1981). The adverse effect of radiotherapy depends on the site that is 
irradiated. Irradiation to the head and neck region results in dry 
mouth, pain on swallowing, altered taste, and anorexia which may lead 
to further weight loss (Donaldson, 1977). Irradiation to the abdomen 
and pelvis is frequently complicated by nausea, vomiting and 
diarrhoea. The symptoms may occur on initiation of radiotherapy and 
may persist throughout therapy resulting in weight loss and 
malnutrition. Normal absorption of nutrients may be impaired because
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of small intestinal damage and may result in specific nutritional 
deficiencies (Welch, 1981). Thus both oncological disease and its 
therapy may have generalised and specific effects on nutritional 
status.
Awareness of the possible role of nutritional factors in the 
pathogenesis and prevention of human cancer is increasing. Retinol 
and carotenoids are of particular interest in this respect because of 
the considerable evidence supporting the antineoplastic activity of 
retinoids in experimental animals and plausible mechanisms of 
protection. The idea tuat something could be prescribed (such as 
increased consumption of fruits and vegetables), rather than 
proscribed, is exciting.
However, much of the epidemiological work linking vitamin A and 
cancer was not designed for that purpose and therefore major sources 
of vitamin A such as liver, spinach and vitamin supplements were not 
included. It is thus, far from clear whether it is dietary retinol or 
dietary beta carotene (or indeed, some other constituent of fruit and 
vegetables) that has a protective effect against cancer. Furthermore, 
there are major imprecisions in many of the dietary epidemiology 
studies as no attempt was made to assess the portion size of the foods 
eaten.
Examination of blood levels of retinol and carotenoids have 
revealed lower levels in a wide range of cancer patients when compared 
to controls. Most studies have concentrated on blood retinol 
levels and have not measured the associated carrier proteins or 
considered weight loss or anorexia in the patients. In some of the 
studies patients had undergone various forms of therapy. Few authors 
have considered variation in serum retinol or carotenoids in relation 
to the stage of the disease. Thus, it is not clear whether the lower 
levels observed are a consequence of the disease or treatment or are
CONCLUSION AND RATIONALE FOR THE PRESENT STUDY.
in some way associated with the onset of the disease. Moreover it is 
not clear whether lower serum retinol concentration is a primary 
or a secondary effect associated with low mobilisation from liver 
stores.
Vitamin A, while having a central role in differentiation of 
epithelial tissues also affects mesenchymal structures. Experimental 
studies have demonstrated activity of retinoids against malignant 
melanomas and sarcomas in animals. There has been little attention 
to studies of serum retinol and carotenoids in non epithelial tumours.
In the present study we therefore attempted to consider some of 
these points in patients with cervical, endometrial and bladder 
carcinoma and also to consider serum concentrations of retinol and 
carotenoids in patients with malignant melanoma and sarcomas.
VITAMIN A AND CARCINOMA OF THE UTERINE CERVIX AND ENDOMETRIUM.
CHAPTER 2.
Experimental studies by Chu and Malmgren (1965), showed that 
addition of retinyl palmitate to a dimethylbenzanthracene solution 
applied to the cervix, protected the hamster cervix from the 
carcinogenic effect of the polycyclic aromatic hydrocarbon. Cervical 
cancer incidence is higher in developing countries than in the rest of 
the world: indeed, on a world scale it is the most prevalent form of 
cancer other than skin cancer (Kiotton et_ al., 1973). Dietary vitamin 
a deficiency, while rare in the United Kingdom, is common in many 
developing countries (McLaren, 1981). Wynder (1969) reported that 
preliminary studies suggest vitamin A levels of patients with 
carcinoma of the cervix tend to be lower than in matched controls. 
Thus, vitamin A intake, or circulating blood levels, may play a role 
in tne development of cervical cancer.
Uver 90% of malignant tumours of the cervix are squamous cell 
carcinoma; 7% are adenocarcinomas. Korhonen (1980) suggests that the 
aetiology of these two kinds of tumours may be different with 
adenocarcinoma of the cervix being more closely related to 
adenocarcinoma of the endometrium. In Japan, lower per capita vitamin 
A intake has been correlated with increased regional mortality from 
uterine carcinoma , a term that covers both cervical and endometrial 
carcinoma (Hirayama, 1979). Furthermore, Basu e£ al. (1982) found 
lower levels of retinol and RBP in a very small group of endometrial 
cancer patients when compared to patients with tumours at other sites. 
It therefore seemed of interest to examine dietary and serum retinol 
and associated factors in both cervical and endometrial cancer 
patients.
Serum retinol and carotene have been measured in a number of
INTRODUCTION.
different cancers. Most of the studies were retrospective; that is 
they measured serum retinol concentration in patients who had cancer. 
Thus the lower levels observed could be a consequence of the disease 
rather than a factor associated with causation. In most of the 
studies no attention was given to the stage of disease, however, 
Chaudhy et al. (1980) related serum vitamin A to the stage of cancer 
of the oral cavity and oropharynx. Both mean plasma retinol and beta 
carotene concentration showed a fall with advancement of the disease, 
tnus suggesting the reduced plasma concentration was a consequence of 
the disease. This may not be true for all cancers as demonstrated by 
three prospective studies (Wald ejt al., 1980; Kark ej: al., 1981; 
Stahelin et al., 1982). Lower serum retinol was found in cancer 
patients than in matched controls. In the Basle study (Stahelin et 
al., 1982), the effect was specific for stomach cancer. Kark et al. 
(1981), however, found that lower serum retinol was associated with 
greater risk of cancer in general. Wald ejt al. (1980), also found a 
general effect although the association was greatest for men who 
developed lung cancer. Thus clarification is required concerning 
whether lower retinol precedes clinically detectable cancer or occurs 
as a result of the disease, and also whether the effect is specific to 
certain sites or general to malignant diseases.
Until recently the general term 'vitamin a' has been used in many 
of the studies on epithelial cancers. This may be misleading, and it 
may be important to consider retinol and carotenoids separately. 
Many of the studies of dietary intake of vitamin A in cancer patients 
nave really only considered carotene intake as major sources of 
retinol were not included in the analyses (Peto e£ al., 1981).
Several studies have demonstrated lower blood concentrations of
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beta carotene in addition to lower blood retinol in cancer patients 
when compared with controls (Atukorala et al., 1979; Ibrahim et al., 
1977; Chaudhy ejt al., 1980). However, other workers have demonstrated 
an association between epithelial cancer and lower intake of beta 
carotene or certain beta carotene containing foods, without an 
associated low retinol intake (Shekelle et al., 1981; Modan ftt al.,
1981). The relationship between cancer and dietary carotene thus 
warranted further study.
In view of these observations a study was planned to determine 
dietary and serum retinol and carotenoids, and associated factors in a 
group of patients with various stages of cervical cancer or cervical 
intraepithelial neoplasia (CIN), and to compare the results with those 
obtained in patients presenting with similar symptomology, associated 
with non malignant disease and to further compare the results with 
those obtained from patients with endometrial carcinoma and normal 
healthy volunteers.
PATIENTS.
The study population was drawn from patients admitted to the 
Royal Marsden Hospital, London, between February 1982 and July 1983 
for radiotherapy treatment of cervical or endometrial carcinoma. 
Patients with non malignant gynaecological disease or cervical 
intraepithelial neoplasia (CIN) were recruited from patients admitted 
to Sells ward, St Lukes Hospital, Guildford, between April and 
September 1983. A further group of controls was recruited from 
University personnel who responded to requests for " normal healthy 
volunteers aged 25-*b5, to help with a study of diet and cancer”.
Volunteers were interviewed prior to recruitment and information 
on age, marital status and oral contraceptive use was collected. A
large proportion of the volunteers were young and many were using oral 
contraceptives, a characteristic not common in the cancer population. 
Therefore, only volunteers with similar characteristics to patients 
were recruited.
Details of usual consumption of selected food items was collected 
from patients and volunteers by the use of a standardised technique 
(appendix X) togetner with information on age, weight or appetite 
changes, changes in their usual food consumption pattern, smoking 
nabits, use of medication and oral contraceptives. When it was not 
possible to interview the patients, any available information was 
obtained from patients' notes.
Overnight fasting blood samples were collected by venepuncture. 
The blood was transferred to anticoagulant-free glass tubes which were 
covered with aluminium foil. The samples were allowed to clot and 
centrifuged for 10 minutes at high speed in a bench centrifuge. The 
serum was separated witnin one hour of sampling. Aliquots of serum 
were placed in aluminium foil covered plastic tubes and stored at 
-4U°C prior to analysis.
Patients who had started therapy or who had, or at some time 
previously, had a malignant disease other than cervical or endometrial 
carcinoma were excluded from the series. Pre-treatment blood samples 
were obtained from 55 cervical cancer patients, 29 endometrial cancer 
patients, 18 patients with CIN, 72 patients with non malignant 
gynaecological disease and from 21 normal healthy volunteers. 
Dietary information was collected from a proportion of these patients 
ano also from 12 individuals for whom a pre-treatment blood sample was 
not collected. Further details are given in table 7.
In addition to pre-treatment blood samples, mid treatment blood
BREAKDOWN OF BLOOD SAMPLES AND DIETARY INFORMATION FOR THE STUDY 
POPULATION.
TABLE 7.
Group Blood sample Blood sample Dietary information
and dietary 
information
alone alone
Invasive
Cervical
Carcinoma
39 lb
CIN 10
Endometrial
Carcinoma
27
NMG 3 8 34
Normal
Healthy
Volunteers
21 1
samples were collected from 42 cervical cancer patients and 14 
endometrial cancer patients. A third sample was obtained from 23 
cervical patients towards the end of their therapy.
Thus blood samples or dietary information was collected from a 
total of 20/ individuals. Of these, 63 were diagnosed as invasive 
carcinoma of the cervix. Their ages ranged from 24 to 86 with a mean 
age of 51.6. Tney were divided by stage as follows:- 
Stage 1 29 patients (mean age 44.3),
Stage 11 lb patients (mean age 45.1),
Stage 111 lb patients (mean age 63.3).
The tumours were predominantly squamous cell carcinoma (51 
patients), with a smaller number of adenocarcinoma of the cervix (8 
patients). Four patients had mixed adenosquamous carcinoma of the 
cervix.
The results for the cervical cancer patients were compared with
those obtained in 18 patients who had a diagnosis of CIN. Their ages
ranged from 26-58 with a mean age of 40.0. These results were further 
compared with those of 30 patients presenting with adenocarcinoma of 
tne endometrium. Their ages ranged from 44-90 with a mean age of 
64.1. The endometrial tumours were predominantly early 
adenocarcinomas, confined to the endometrium (stage I).
The results obtained from patients in the above group were 
compared with those obtained from healthy volunteers (first control 
group) and patients with non malignant gynaecological diseases ( NMG- 
seconn control group). The healthy volunteer group consisted of 22 
individuals aged 24-60, mean age 41.4. The NMG group consisted of 74 
patients aged 19-75, mean age 43.0. Brief clinical details of the 
patients are given in appendix V.
-Thirteen patients (1 cervical cancer, 3 CIN, 7 NMG, and 2 healthy 
volunteers) were currently taking oral contraceptives and a further 7 
patients (2 cervical cancer, 4 NMG and 1 healthy volunteer) were 
pregnant. Both pregnancy and oral contraceptive use are known to 
affect the biochemical parameters under study. Analysis of the results 
for serum parameters was therefore performed after exclusion of these 
individuals. Exclusion of these individuals increased the mean age of 
cervical cancer patients, CIN, NnG and volunteers to 52.4, 42.5, 44.9, 
ana ^2.7 years respectively. All tne individuals for whom dietary 
information was available were included in dietary analyses.
Serum retinol was determined by a modification of the 
fluorimetric method of Hansen and Warwick (1978). They measured 
fluorescence at an excitation wave length of 340 nm and emission wave 
length of 480nm. However, carotenoids may cause considerable 
interference at these wave lengths (Van Steveninek and De Goeij, 
1973). The latter workers suggest measurement of fluorescence at an 
emission wave length of 550 nm, where interference from carotenoids is 
virtually zero. The fluorescence of retinol was accordingly measured 
at an excitation wave length of 340 nm and emission wave length of 550 
nm. The intensity of fluorescence increased linearly with 
concentration (figure 10).
All trans retinyl acetate (Sigma) in absolute ethanol (James 
Burrough Ltd), was used as the standard. Aliquots of the retinyl 
acetate stock solution (100 jjg/ml) were placed In plastic LP3 tubes 
and covered in aluminium foil and stored at -40°C. The stability of 
tne solution was determined by measuring its absorbance at 326 nm in a 
Unicam SP 500 spectrophotometer ( E 1%, 1cm ethanol = 1550; Merk 
Index, 1968). The standard solution was stable for at least three 
months at -40°C.
All glassware used was soaked overnight in 1.5 % nitric acid (May 
and Baxer), rinsed several times in tap water and then distilled water 
to remove any traces of detergent which could give rise to spurious 
fluorescence.
A range of retinyl acetate standards (0.5-2.0 jug/ml) in absolute 
ethanol were prepared from the stock solution. Duplicate 0.2 ml 
aliquots of serum were pipetted into 18ml sovirel tubes fitted with
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FIGURE 10.
STANDARD GRAPH FOR THE DETERMINATION OF SERUM RETINOL.
Retinyl acetate concentration (y jg /m l).
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teflon lined caps. Duplicate 0.2 ml aliquots of distilled water or 
appropriate standard were used in place of serum in the blank and 
standards respectively. One ml of distilled water was added to each 
tube, followed by 2 ml absolute ethanol , to precipitate proteins. 
The contents of tne tubes were mixed and 5 ml of petroleum ether 
(laboratory reagent, BP 60-80°C, May and Baker) was added. The tubes 
were capped and mixed for 30 seconds on a vortex mixer to ensure 
complete extraction of retinol from the aqueous ethanolic phase to the 
petroleum etner layer. The phases were allowed to separate and the 
fluorescence of the upper petroleum ether layer was measured in a 
Perkin Elmer MPP3 fluorescent spectrophotometer at the following 
settings: excitation wavelength 340 nm, emission wavelength 550 nm,
sensitivity 100 and slit widths 6 nm. Throughout the procedure 
exposure to light was kept to a minimum.
As far as possible samples from patients and controls were 
assayed together. An aliquot of a previously assayed sample was 
assayed with each batch of samples. Inter assay variabiliy was less 
than 10%. Recoveries for added retinyl acetate ranged from 98-108%. 
Retinol in serum was stable for at least seven months.
Serum retinol was calculated by reading the value from the 
standard graph and applying a correction factor of 0.872 because the 
standard was retinyl acetate.
Determination of Serum Carotenoids.
The spectrophotometric method of Neeld and Pearson (1963), was 
used. The concentration of carotenoids in serum was determined by 
measuring their absorbance relative to a beta carotene standard. A 
stock standard solution of beta carotene (5 jig/ml) was prepared in
petroleum ether (laboratory reagent, BP 60-80°C, May and Baker) after 
initially dissolving the all trans beta carotene (Sigma) in a small 
volume of chloroform (analytical grade, May and Baker). The 
absorbance of the stock standard was measured at 450 nm in a Unicam 
SP500. The solution was stable for at least 12 weeks when stored in a 
tightly capped bottle at 4-12°G. The absorbance of beta carotene 
increased linearly with concentration (figure 11). Carotenoids in 
serum stored at -40°C was stable for at least seven weeks.
©•3 tvADuplicate Aaliquots of serum, standards (0.5-2.0 jag/inl) and 
distilled water blanks were pipetted into clean 10 ml sovirel tubes 
fitted with teflon lined caps. 0.5 ml of distilled water was added to 
the standards. One ml of 96% ethanol (James Burrough Ltd) was added 
to all the tubes to precipitate protein. The contents of the tubes 
were mixed and 1.5 ml of petroleum ether (1 ml in standards) was 
added and tne tubes were vortex mixed for 45 minutes to extract the 
carotene. The phases were allowed to separate and the petroleum ether 
layer was removed to a clean glass LP3 tube and its absorbance 
measured using a glass semi micro cuvette in a Unicam SP 500 
spectrophotometer. The concentration of carotenoids in serum was 
determined by reading from the standard graph. Inter assay variabiliy 
was less than 10%.
Determination of Serum Zinc and Copper.
Serum zinc and copper were determined by atomic absorption 
spectrometry using an IL353 spectrophotometer. Serum samples were 
diluted 1 in 7 with distilled water and thoroughly mixed. A range of 
zinc acetate (1-6 pm/1) and cupric chloride (1-6 pm/1) standards were 
prepared from 0.1 mM zinc acetate and cupric chloride stock solutions
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STANDARD GRAPH FOR THE DETERMINATION 
OF SERUM CAROTENOID CONCENTRATION.
/$ carotene concentration (^ jg /m l).
respectively. Standards and samples were aspirated into the burner 
with the spectrophotometer set at a voltage of 530 V, lamp current 
5 mA, slit width 320 jim, and a wavelength of 213.9 nm for zinc and
324.7 nm for copper.
Zinc ana copper atomic absorbance was linear with concentration 
over the range studied (figures 12 and 13). Unknown values were 
calculated from the standard graph. The normal ranges for zinc and 
copper with this method are 7-20 /um/1 and 14-23 /im/1 respectively. 
Mixea batches of serum from patients and controls were analysed 
together with previously assayed samples. The inter assay variability 
was less than 10 %.
Determination of Serum Retinol Binding Protein.
Serum retinol binding protein was determined by single radial 
immunodiffusion (Mancini e_t al., 1965).
Preparation of TR1S HC1 Buffer (7.6). Tris buffer was prepared by 
dissolving 12.11g tris(hydroxymethyl)aminomethane (TRIS, Sigma),
11.7g sodium chloride (May and Baker), 0.2g sodium azide (Sigma),
3.7 g sodium EDTA (May and Baker), and 6.6 ml concentrated HC1 in 
just under one litre of distilled water. The pH was adjusted to 7.6 
with HC1 and the volume made up to 1 1.
Method. A sublayer of 0.5% noble agar (Difco) in distilled water was 
used to minimize aistortion of the gel during pressing. 10 ml of 
molten U.5% noble agar was poured onto 8.2 x 8.2 cm glass slides that 
had been cleaned with ethanol, and were on a level surface. The 
sublayer was allowed to completely dry out prior to use.
A 1.5% (weight/volume) solution of noble agar containing 2% 
(weight/volume) polyethylene glycol 6000 (BDH) in TRIS HC1 buffer was 
prepared. The butter and polyethylene glycol were placed in a conical
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STANDARD GRAPH FOR THE DETERM INATI NATION OF SERUM COPPER.
Copper concentration (pm /1).
flask, and heated in a boiling water bath. The noble agar was added 
just before boiling point and the mixture was stired until the agar 
had completely dissolved.
12 ml aliquots of molten agar were pipetted into 6 dram vials and 
allowed to cool to 55°C in a water bath. 140 pi of rabbit antiserum 
against human RBP (Dako Immunoglobulins) was measured into the vials 
using a Hamilton syringe. The agar and antiserum were mixed by 
rolling and gently tilting the vials. The molten agar containing the 
antiserum was poured uniformly onto the prepared plates maintained on 
a level surface and allowed to set. The plates were transferred to 
plastic boxes in which a few moist tissues had been placed and they 
were stored at 4-12°C for a minimum of 2 hours (usually over night). 
25 wells were cut in the agar using a 2 mm bore cutter immediately 
prior to use. Duplicate 4 pi aliquots of serum diluted 1 in 5 with 
TR1S HC1 buffer, or 4 pi aliquots of stabilized standard serum 
(Hoechst UK, ltd) in varying dilutions was placed in each well. 
Damaged wells were not used. The plates were allowed to diffuse for 
24 hours in moistened air tight plastic boxes at room temperature.
After diffusion was completed, the plates were washed in borax
saline (8.8 g NaCl,May and Baker, 2.0 g borax, BDH, in one litre of
distilled water) for 10 minutes. They were rinsed in distilled water 
and the gel was covered with a piece of wet filter paper. A wad of
dry tisues and paper towels was placed on the gel. An 8.2 x 8.2 cm
glass slide was placed on top and the gel was pressed under a weight 
of 500g overnight, to remove the liquid phase containing non 
precipitated proteins. Drying was completed in a warm oven. The 
plates were allowed to cool and were stained with 1.5% (weight/volume) 
coomassie blue BL (Difco) in 96% ethanol (James Burrough Ltd),
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distilled water and glacial acetic acid (May and Baker) in the ratio 
9:9:2 by volume. Background stain was removed with a destainer (96% 
ethanol, glacial acetic acid, distilled water 3:2:9 by volume) prior 
to drying in a warm oven. An example of the stained RBP plates can be 
seen in plate 1. The diameter of the well and precipitin ring was 
measured using a magnified graticule calibrated in 0.1 mm units 
(GallenKamp Ltd). RBP concentrations of test sera were obtained from 
a plot of the square of the diameter of the precipitin ring (after 
subtracting the well diameter), against concentration of RBP in the 
standard serum. A linear relationship was observed (figure 14). 
Samples were analysed in mixed batches with a previously analysed 
sample. Interassay variability was less than 10%.
Determination of Serum Prealbumin
Serum prealbumin was determined by single radial immunodiffusion 
(Mancini et al, 1965) as described for RBP. 80 pi of rabbit antiserum 
against human prealbumin (Dako immunoglobulins) was used in place of 
the anti RBP. Duplicate 2 pi of serum diluted 1 in 5 or stabilized 
standard serum in varying dilutions was placed in each well. The 
plates were allowed to diffuse for 48 hours in moistened airtight 
plastic boxes at room temperature. The plates were washed , dried, 
stained and quantified as described for RBP. An example of the 
stained prealbumin plates is shown in plate 2. A linear relationship 
between the square of the diameter of the precipitin ring and 
concentration was found (figure 15). Interassay variability was less 
than 10%.
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FIGURE 14.
STANDARD GRAPH FOR THE DETERMINATION OF SERUM 
RETINOL BINDING PROTEIN CONCENTRATION.
Retinol binding protein concentration (m g/100m l).
PLATE 2. prealbumin precipitin rings.
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FIGURE 15.
STANDARD GRAPH FOR THE DETERMINATION OF SERUM 
PREALBUMIN CONCENTRATION.
Prealbumin concentration (m g/100m l).
Dietary Assessment of Retinol and Beta Carotene Intake»
A semi quantitative food frequency questionnaire was used to 
estimate individuals' vitamin A intake. In order to reduce bias from 
awareness of tne foods and nutrients of interest, foods other than 
ttiose containing vitamin A were included. A range of possible 
frquencies of consumption were given against each individual food, 
together with a space for alternative answers (appendix I). Patients 
were told:"this questionnaire is designed to obtain information on 
your usual food consumption. There are no right or wrong answers. 
Taxe your time and tnink back, over tne last few months". They were 
asked to ring their usual consumption for each food item. When 
patients were unable or unwilling to fill in the questionnaire, their 
answers were recorded for them by the interviewer. In the main part 
of the questionnaire food frequencies alone were used. More detailed 
information on dairy produce and vitamin supplement use was collected. 
A section was included for subjects to indicate any changes in their 
diet that they had made over the last few months. In addition 
patients were asked to estimate their usual portion size for food 
items containing high concentrations of retinol or beta carotene. In 
order to aid estimation of portion size, selected food models were 
constructed. The interviewer remained with the patient during 
completion of the questionnaire to help with problems, maintain 
interest, and to ensure frequencies and portion sizes were for 
themselves rather than their family.
Dietary retinol and beta carotene were calculated from the 
estimated portion sizes for major dietary sources and from standard 
portions (appendix II) for minor sources of vitamin A, using McCance
iji,
and Widdowson's food tables (Paul and Southgate, 1978). The total 
vitamin A potency in terms of retinol equivalents (pg), was calculated
C o o r o V ^ c A A  c©y \V qvs.V  ©V \  $>\-v^vif5>c»A L  )
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by dividing the carotene content by 6 and summing this with dietary 
retinol.
The reliability of the method was assessed in a pilot study. 
Five female and seven male students (mean age 22) who had no specific 
knowledge of nutrition were recruited. They were informed that the 
study involved filling in a number of questionnaires and answering 
questions about their usual diet. This was performed as outlined 
above. The procedure was repeated 7-14 days later.
Strong positive correlations between the first and second intake 
for all three indices were obtained using both Pearson's correlation 
and Spearman Rank correlation. There were individual differences but 
the method successfully separated high and low intakes with 
individuals remaining either in the top or bottom half on both 
occasions.
Estimation of Dietary Fat Intake.
An index of fat intake was constructed from the questionnaire on 
vitamin A intake. Quantitative estimates of dairy produce, cake and 
pastry intake were obtained from the questionnaire. For other items 
that are high in fat, such as meat, crisps, nuts and biscuits, 
standard portions were used (appendix III). Estimated dietary fat 
intake was calculated using McCance and Widdowson's food tables (Paul 
and Southgate, 1978).
Statistical Analysis of Results.
Statistical analysis of the results was performed using the 
computer package, SPSS. Details of the statistical procedures applied 
are given with the results.
The retinol concentration in the serum of cervical cancer 
patients was significantly lower than that of NMG patients and 
volunteers (figure 16). Similarly serum concentrations of 
carotenoids, RBP and PA were significantly higher in both control 
groups than in cervical cancer patients (figures 17-19). Serum copper 
concentration was significantly higher in cervical cancer patients 
than in both groups of controls. Serum zinc concentration was similar 
in cancer patients and controls and the zincicopper ratio was 
significantly lower in the cervical cancer patients than either 
control group (table 8).
Serum concentrations of retinol, carotenoids, zinc, copper, RBP 
and PA were similar in patients with CIN and NMG controls. Serum 
concentrations of retinol, carotenoids, RBP and PA were significantly 
higher and serum copper concentration was significantly lower in CIN 
than in cervical cancer (figures 16-19; table 8).
The concentration of the serum parameters measured was similar in 
endometrial cancer patients and NMG patients with the exception of 
serum PA concentration which was lower, but not significantly lower in 
endometrial cancer patients. Furthermore, serum retinol and RBP 
concentrations were significantly higher and serum copper was 
significantly lower in endometrial cancer patients than in cervical 
cancer patients. Serum concentrations of retinol, carotenoids and 
prealbumin were significantly lower in endometrial cancer patients 
than in volunteers. Serum zinc, copper, and RBP concentrations and 
the zinc:copper ratio were similar in the two groups (figures 16-19; 
table 8).
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The endometrial cancer patients were compared to cervical cancer 
patients who presented with stage 1 disease as few of the endometrial 
cancer patients had advanced disease. The differences observed when 
all cervical cancer patients were considered disappeared with the 
exception of serum RBP concentration which was significantly higher 
than in stage I cervical cancer (table 9).
Comparison of the two control groups revealed notable 
differences. Serum concentrations of retinol, carotenoids and 
prealbumin were significantly higher in the volunteers than in NMG 
controls. However, serum concentrations of zinc, copper, and RBP and 
the zinc:copper ratio were similar in the two control groups (figures 
lb-19; table 8).
In the cervical cancer group mean serum retinol showed a downward 
trend with advancement of disease (figure 20). Thus, serum retinol 
concentration was highest in CIN, lower in stage X and II and lowest 
in stage III carcinoma of the cervix. The differences between stage 
H I  and: CIN, stage I, and stage II were statisically significant. 
Similarly serum concentrations of carotenoids, PA and RBP showed 
significant downward trends with advancement of disease (figures 21- 
23). The differences were weakest for RBP. Furthermore, serum copper 
concentration increased with advancement of disease and the difference 
between CIN and stage II and III, and between stage 1 and III were 
significant. Serum zinc, however, did not vary with stage of disease 
(table 10). The zinc:copper ratio was significantly lower in stage 
III than in CIN. There was no downward trend in dietary preformed 
retinol, total retinol equivalents or beta carotene intake in patients 
with more advanced cervical cancer than in patients with early disease 
(table 11). Dietary total retinol intake was significantly higher in 
stage 11 than in patients with stage I carcinoma of the cervix
( p < 0 . 0 1 ) .  No o t h e r  s i g n i f i c a n t  d i f f e r e n c e s  i n  d i e t a r y  i n t a k e  by s t a g e  
o f  d i s e a s e  w e r e  o b s e r v e d .
Serum p a r a m e t e r s  w e r e  c o m p a r e d  b e t w e e n  c e r v i c a l  p a t i e n t s  who had 
l o s t  w e i g h t  and i n d i v i d u a l s  m a t c h e d  f o r  ag e  and s t a g e  o f  d i s e a s e  who 
had n o t  l o s t  w e i g h t .  No s i g n i f i c a n t  d i f f e r e n c e s  w e r e  o b s e r v e d  ( t a b l e  
1 2 ) .  S e r u m  p a r a m e t e r s  w e r e  c o m p a r e d  i n  p a t i e n t s  w i t h  w e l l  
d i f f e r e n t i a t e d  e n d o m e t r i a l  t u m o u r s  a nd  i n  p a t i e n t s  w i t h  l e s s  w e l l  
d i f f e r e n t i a t e d  t u m o u r s .  Serum c o n c e n t r a t i o n s  o f  r e t i n o l  and  RBP w e r e  
s i g n i f i c a n t l y  h i g h e r  a n d  c o p p e r  l o w e r  i n  p a t i e n t s  w i t h  w e l l  
d i f f e r e n t i a t e d  e n d o m e t r i a l  tu mo urs  ( t a b l e  1 3 ) .
A c r u d e  i n d e x  o f  v a r i a t i o n  i n  t h e  p a r a m e t e r s  s t u d i e d  a c c o r d i n g  t o  
p r o g n o s i s  w a s  p r o v i d e d  b y  c o m p a r i n g  t h o s e  i n d i v i d u a l s  w h o  h a d  d i e d  
d u r i n g  t h e  p e r i o d  o f  s t u d y  ( F e b r u a r y  1 9 8 2  -  M a r c h  1 9 8 4 )  w i t h  
i n d i v i d u a l s  o f  s i m i l a r  a g e  and s t a g e  o f  d i s e a s e  who w e r e  s t i l l  a l i v e .  
Serum c o n c e n t r a t i o n s  o f  r e t i n o l ,  c a r o t e n o i d s ,  PA and RBP w e r e  l o w e r  i n  
t h o s e  i n d i v i d u a l s  w i t h  p o o r  o u t c o m e  a n d  t h e  d i f f e r e n c e  f o r  s e r u m  
r e t i n o l  r e a c h e d  s t a t i s t i c a l  s i g n i f i c a n c e .  Serum c o p p e r  c o n c e n t r a t i o n  
was  h i g h e r  and t h e  z i n c i c o p p e r  r a t i o  s i g n i f i c a n t l y  l o w e r  i n  t h o s e  w i t h  
p o o r  o u t c o m e  ( t a b l e  14) .
Relationship With Treatment.
I n  a d d i t i o n  t o  a p r e t r e a t m e n t  s a m p l e ,  s e r u m  p a r a m e t e r s  w e r e  
d e t e r m i n e d  d u r i n g  t h e r a p y  i n  a p r o p o r t i o n  o f  t h e  c e r v i c a l  c a n c e r  
p a t i e n t s .  S e ru m  r e t i n o l  w a s  s i m i l a r  o n  t h e  t w o  o c c a s i o n s .  Seru m  
c a r o t e n o i d s  w e r e ,  h o w e v e r ,  l o w e r .  Serum c o n c e n t r a t i o n s  o f  RBP, PA and 
z i n c  w e r e  s i m i l a r .  T h e  m e a n  s e r u m  c o p p e r  c o n c e n t r a t i o n  wa s  
s i g n i f i c a n t l y  l o w e r  d u r i n g  t h e r a p y  t h a n  p r i o r  t o  t r e a t m e n t .  
F u r t h e r m o r e  t h e  z i n c : c o p p e r  r a t i o  w a s  s i g n i f i c a n t l y  h i g h e r  d u r i n g  
t h e r a p y  ( t a b l e  1 5 ) .  F o r  a s m a l l e r  p r o p o r t i o n  o f  p a t i e n t s  a t h i r d
s a m p l e  was a l s o  o b t a i n e d .  Serum r e t i n o l  c o n c e n t r a t i o n  was s i m i l a r  on  
a l l  t h r e e  o c c a s i o n s .  Serum c a r o t e n o i d s  s h o w e d  a d ow n w ard  t r e n d .  In  
c o n t r a s t ,  s e r u m  RBP a n d  PA s h o w e d  a n  u p w a r d  t r e n d  a n d  t h e  d i f f e r e n c e  
b e t w e e n  t h e  f i r s t  a n d  t h i r d  s a m p l e s  w a s  s t a t i s t i c a l l y  s i g n i f i c a n t .  
F u r t h e r m o r e ,  se ru m c o p p e r  c o n c e n t r a t i o n  s h o w e d  a dow n w a rd  t r e n d  and 
t h e  d i f f e r e n c e s  b e t w e e n  t h e  f i r s t  and s e c o n d  s a m p l e ,  and  t h e  f i r s t  and  
t h i r d  s a m p l e s  w e r e  s t a t i s t i c a l l y  s i g n i f i c a n t .  M o r e o v e r ,  d u r i n g  t h e  
c o u r s e  o f  t h e r a p y  t h e  s e r u m  c o p p e r  c o n c e n t r a t i o n  n o r m a l i s e d ,  s o  t h a t  
t h e  i n i t i a l  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e s e  p a t i e n t s  and 
t h e  NMG c o n t r o l s  had  d i s a p p e a r e d  by t h e  t h i r d  s a m p l e  ( t a b l e  16) .
A m i d - t r e a t m e n t  s a m p l e  w a s  a l s o  o b t a i n e d  f r o m  16 e n d o m e t r i a l  
c a n c e r  p a t i e n t s .  The d i f f e r e n c e s  o b s e r v e d  i n  c e r v i c a l  c a n c e r  p a t i e n t s  
w e r e  m i r r o r e d  i n  e n d o m e t r i a l  c a n c e r  w i t h  t h e  e x c e p t i o n  o f  s e r u m  
c o p p e r .  That  i s ,  s e r u m  r e t i n o l  was e s s e n t i a l l y  u n a l t e r e d ,  c a r o t e n o i d s  
w e r e  s l i g h t l y  l o w e r ,  RBP a n d  PA c o n c e n t r a t i o n s  i n c r e a s e d  a n d  t h e  
l a t t e r  tw o  d i f f e r e n c e s  w e r e  s t a t i s t i c a l l y  s i g n i f i c a n t  ( t a b l e  15) .  
Effect of Age.
C e r v i c a l  c a n c e r  p a t i e n t s  w e r e  s i g n i f i c a n t l y  o l d e r  t h a n  CIN, NMG 
and v o l u n t e e r s  ( p < 0 . 0 0 5 )  a n d  s i g n i f i c a n t l y  y o u n g e r  t h a n  e n d o m e t r i a l  
c a n c e r  p a t i e n t s  ( p < 0 . 0 0 1 ) .  T h e  l a t t e r  g r o u p  o f  p a t i e n t s  w e r e  a l s o  
s i g n i f i c a n t l y  o l d e r  t h a n  NMG, a n d  v o l u n t e e r s  ( p < 0 . 0 0 1 ) * .  V o l u n t e e r s ,  
NMG a n d  CIN had s i m i l a r  m e a n  a g e s  a n d  t h e  d i f f e r e n c e s  w e r e  n o t  
s i g n i f i c a n t .
The  r e l a t i o n s h i p  b e t w e e n  t h e  p a r a m e t e r s  m e a s u r e d  a n d  a g e  w a s  
i n v e s t i g a t e d  by p e r f o r m i n g  P e a r s o n ' s  c o r r e l a t i o n s .  O v e r a l l  t h e r e  was 
no  c o r r e l a t i o n  b e t w e e n  a g e  and any  o f  t h e  f o l l o w i n g  p a r a m e t e r s :  serum 
r e t i n o l ,  c a r o t e n o i d s ,  z i n c ,  c o p p e r ,  RBP, t h e  z i n c : c o p p e r  r a t i o ,  
d i e t a r y  r e t i n o l ,  b e t a  c a r o t e n e  o r  r e t i n o l  e q u i v a l e n t  i n t a k e .  T h e r e  
was a weak but  h i g h l y  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  PA and
a g e  ( r = 0 . 2 5 7 ,  p C O .O O l ) ,  F u r t h e r m o r e ,  PA w a s  h i g h l y  s i g n i f i c a n t l y  
c o r r e l a t e d  w i t h  b o t h  s e ru m  r e t i n o l  and  RBP i n  t h e  s t u d y  p o p u l a t i o n  and 
t h e s e  i n  t u r n  w e r e  a l s o  h i g h l y  s i g n i f i c a n t l y  c o r r e l a t e d  ( f i g u r e s  24  
and 2 5 ) .  N e i t h e r  s e ru m  z i n c  o r  t h e  z i n c i c o p p e r  r a t i o  w e r e  c o r r e l a t e d  
w i t h  r e t i n o l ,  RBP, o r  PA.
In  a d d i t i o n  t o  c o n s i d e r i n g  t h e  r e l a t i o n s h i p  b e t w e e n  a g e  and t h e  
p a r a m e t e r s  i n  t h e  t o t a l  p o p u l a t i o n ,  t h e  r e l a t i o n s h i p s  i n  t h e  c o m b i n e d  
c o n t r o l  g r o u p s  w e r e  d e t e r m i n e d  t o  d i s s o c i a t e  t h e  e f f e c t  o f  c a n c e r  and 
age  on  t h e  p a r a m e t e r s .  T h e r e  was no  r e l a t i o n s h i p  b e t w e e n  a g e  and t h e  
p a r a m e t e r s  s t u d i e d  i n  t h e  c o m b i n e d  c o n t r o l  g r o u p s  e x c e p t  t h a t  age  and 
RBP w e r e  s i g n i f i c a n t l y  c o r r e l a t e d  ( r ^ O . 3 1 4 ,  p < 0 . 0 0 5 )  o v e r  t h e  a g e  
r a n g e  s t u d i e d  ( 2 4 - 7 5  y e a r s ) .
Dietary Intake.
E s t i m a t e d  d i e t a r y  r e t i n o l ,  b e t a  c a r o t e n e  and r e t i n o l  e q u i v a l e n t  
i n t a k e  was s i m i l a r  i n  c e r v i c a l  c a n c e r ,  CIN, NMG and e n d o m e t r i a l  c a n c e r  
p a t i e n t s .  E s t i m a t e d  d i e t a r y  r e t i n o l  i n t a k e  wa s  l o w e r  i n  v o l u n t e e r s  
t h a n  o t h e r  g r o u p s  a nd  t h i s  d i f f e r e n c e  r e a c h e d  s t a t i s t i c a l  s i g n i f i c a n c e  
i n  t h e  NMG g r o u p  ( f i g u r e  2 6 ) .  E s t i m a t e d  b e t a  c a r o t e n e  i n t a k e  o f  
v o l u n t e e r s  w a s  h i g h e r  t h a n  i n  t h e  o t h e r  g r o u p s  a n d  t h i s  r e a c h e d  
s t a t i s t i c a l  s i g n i f i c a n c e  i n  c e r v i c a l  and  e n d o m e t r i a l  c a n c e r  p a t i e n t s  
( f i g u r e  2 7 ) .  I n  NMG c o n t r o l s  a n d  CIN t h e  d i f f e r e n c e  a l m o s t  r e a c h e d  
s t a t i s i c a l  s i g n i f i c a n c e  ( p < 0 . 0 7  a n d  P < 0 . 0 9  r e s p e c t i v e l y ) .  T o t a l  
e s t i m a t e d  r e t i n o l  e q u i v a l e n t s  w e r e ,  h o w e v e r ,  s i m i l a r  i n  t h e  v o l u n t e e r s  
And o t h e r  g r o u p s  ( f i g u r e  28 ) .
Mean c o n s u m p t i o n  o f  i n d i v i d u a l  f o o d  i t e m s  v a r i e d  i n  t h e  d i f f e r e n t  
g r o u p s  ( t a b l e s  17 and 18) .  H o w e v e r ,  i n t e r p r e t a t i o n  o f  t h e  d i f f e r e n c e s  
i s  d i f f i c u l t  a s  a f e w  v e r y  h i g h  v a l u e s  c o u l d  d i s t o r t  t h e  mea n.  The  
p a t t e r n  o f  f o o d  c o n s u m p t i o n  w a s ,  t h e r e f o r e ,  e x a m i n e d  i n  t h e  g r o u p s  by
d i v i d i n g  t h e  c o n s u m p t i o n  o f  i n d i v i d u a l  i t e m s  i n t o  f o u r  c a t e g o r i e s  ( s e e  
a p p e n d i x  IV ) .  The p a t t e r n  o f  c o n s u m p t i o n  o f  s e l e c t e d  f o o d  i t e m s  a r e  
shown  i n  f i g u r e s  29-37 ' .  F o r  t h e  p u r p o s e  o f  s t a t i s t i c a l  e v a l u a t i o n  t w o  
c a t e g o r i e s  w e r e  d e f i n e d  f o r  e a c h  f o o d .  S i g n i f i c a n t l y  h i g h e r  numbers  
o f  c e r v i c a l  a n d  e n d o m e t r i a l  c a n c e r  p a t i e n t s  t h a n  v o l u n t e e r s  n e v e r  
d r a n k  f r u i t  j u i c e .  F u r t h e r m o r e ,  f e w e r  NMG c o n t r o l s  t h a n  c e r v i c a l  and 
e n d o m e t r i a l  c a n c e r  p a t i e n t s  r e p o r t e d  n e v e r  c o n s u m i n g  f r u i t  j u i c e  and 
t h e  d i f f e r e n c e  b e t w e e n  NMG c o n t r o l s  and e n d o m e t r i a l  c a n c e r  p a t i e n t s  
r e a c h e d  s t a t i s t i c a l  s i g n i f i c a n c e .  S i m i l a r  p r o p o r t i o n s  o f  v o l u n t e e r s  
and NMG c o n t r o l s  n e v e r  c o n s u m e d  f r u i t  j u i c e  ( f i g u r e  2 9 ) .
A h i g h e r  p r o p o r t i o n  o f  v o l u n t e e r s  r a r e l y  a t e  m e a t  ( 0 - 1 /  w e e k ) .  
C o n s u m p t i o n  o f  m e a t  f o u r  t i m e s  a w e e k  o r  l e s s  w a s  m o r e  c o m m o n  i n  
e n d o m e t r i a l  c a n c e r  p a t i e n t s  and v o l u n t e e r s  t h a n  i n  t h e  o t h e r  g r o u p s .  
The d i f f e r e n c e  b e t w e e n  NMG and b o t h  e n d o m e t r i a l  c a n c e r  and v o l u n t e e r s  
w a s  s t a t i s t i c a l l y  s i g n i f i c a n t  ( f i g u r e  3 0 ) .  S i g n i f i c a n t l y  m o r e  
v o l u n t e e r s  t h a n  NMG, c e r v i c a l  c a n c e r  and e n d o m e t r i a l  c a n c e r  p a t i e n t s  
c o n s u m e d  l e s s  t h a n  lUOg f a t / d a y .  I n d e e d ,  t h e  mean f a t  c o n s u m p t i o n  i n  
NMG, c e r v i c a l  c a n c e r  and CIN w e r e  v e r y  s i m i l a r  ( 1 0 Q - 1 0 6 g / d a y )  w h i l e  
c o r e s p o n d i n g  v a l u e s  f o r  e n d o m e t r i a l  c a n c e r  p a t i e n t s  a n d  v o l u n t e e r s  
w e r e  89 and ? 3 g / d a v  r e s p e c t i v e l y  ( f i g u r e  31 ) .
A s i g n i f i c a n t l y  l a r g e r  p r o p o r t i o n  o f  v o l u n t e e r s  c o n s u m e d  a t  l e a s t  
160g s a l a d  v e g e t a b l e s / w e e k  t h a n  NMG, c e r v i c a l  c a n c e r ,  o r  e n d o m e t r i a l  
c a n c e r  p a t i e n t s .  S a l a d  c o n s u m p t i o n  o f  NMG was  s i m i l a r  t o  e n d o m e t r i a l  
a n d  c e r v i c a l  c a n c e r  p a t i e n t s  ( f i g u r e  3 2 ) .  S i g n i f i c a n t l y  f e w e r  
v o l u n t e e r s  th an  NMG, c e r v i c a l  an d  e n d o m e t r i a l  c a n c e r  p a t i e n t s  n e v e r  
a t e  o r a n g e s .  I n d e e d ,  n o n e  o f  t h e  v o l u n t e e r s  r e p o r t e d  t h a t  t h e y  d i d  
n o t  e a t  o r a n g e s .  T h e r e  w e r e  no  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  number  
o f  i n d i v i d u a l s  who n e v e r  a t e  o r a n g e s  b e t w e e n  t h e  o t h e r  g r o u p s  ( f i g u r e  
3 3 ) .  S i g n i f i c a n t l y  m o r e  c e r v i c a l  c a n c e r  p a t i e n t s  a n d  NMG t h a n
v o l u n t e e r s  a t e  l e s s  t h a n  420g  o f  a p p l e s / w e e k  ( f i g u r e  3 4 ) .  T h e r e  w e r e  
no  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  p a t t e r n  o f  c o n s u m p t i o n  o f  o t h e r  f o o d
FIGURE 16.
VARIATION IN SERUM RETINOL CONCENTRATION IN THE 
STUDY POPULATION.
( °  CVX ■ cervical cancer; ■ CIN *cervical intraepithelial neoplasia; 
o ENDO = endometrial cancer; a NMG=non malignant gynaecological 
disease; A VOL = volunteers)). --------- - =mean.
36significantly higher than CVX (36 p < 0 *0 5 ,3^-3636p < 0 0 0 5 ',  
36363 3^6 P<0"001);
+ significantly higher than CVX (p < 0 *0 5 );
T T t significantly higher than NMG (p < 0 *0 0 5 );  
significantly lower than VOL (p < 0 * 0 0 l) .
Statistical evaluation was performed using Student’s unpaired t test
with one tailed probability (except t  and + =*two tailed).
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FIGURE 17.
VARIATION IN SERUM CAROTENOID CONCENTRATION IN THE 
STUDY POPULATION.
(a  CVX * cervical cancer; ■ CIN =cervical intraepithelial neoplasia; 
o ENDO= endometrial cancer; a NMG=non malignant gynaecological 
disease; A VOL * volunteers). ---------  =mean.
*  significantly lower than VOL( *  p < 0 -0 5 , p < 0 -00 l);
t  significantly higher than NMG (p<0-05);
« significantly higher than CVX (p <0-005).
Statistical evaluation was performed using Student’s unpaired t test 
with one tailed probability (except t  = two tailed).
FIGURE 18.
VARIATION IN SERUM RBP CONCENTRATION IN THE 
STUDY POPULATION .
(p  CVX * cervical cancer; ■ CIN -cervical intraepithelial neoplasia; 
o ENDO= endometrial cancer; *  NMG=non malignant gynaecological 
disease; A VOL = volunteers/.     -m ean .
significantly higher than CVX (* p < 0 -0 5  .^ ^ p c O O O l);  
t  significantly higher than CVX (p <  0 -05 ).
Statistical evaluation was performed using Student’s unpaired t test
with one tailed probability (except f  -two tailed).
FIGURE 19.
VARIATION IN SERUM PREALBUMIN CONCENTRATION IN THE 
STUDY POPULATION.
(a  CVX-cervical cancer; ■ CIN -cervical intraepithelial neoplasia; 
o ENDO = endometrial cancer; a NMG=non malignant gynaecological 
disease; A VOL = volunteers). ---------  .m ean .
*  Significantly higher than CVX ( * *  p < 0 -0 0 5 , * *  *- p < 0 -0 0 l),  
’ significantly lower than VOL ( tp c O -0 5 ,  t 11 P< 0-001)1 
lit significantly higher than NMG (p<  0-001).
Statistical evaluation was performed using Student’s unpaired t test 
with one tailed probability ( except m = two tailed).
SERUM ZINC AND COPPER CONCENTRATIONS AND THE ZINC COPPER RATIO IN THE
STUDY POPULATION.
R e s u l t s  a r e  e x p r e s s e d  a s  mean v a l u e s  +  S.E.M., f o r  t h e  numb er  o f  
i n d i v i d u a l s  i n d i c a t e d  i n  p a r e n t h e s i s .  S t a t i s t i c a l  a n a l y s i s  w a s  
p e r f o r m e d  u s i n g  S t u d e n t ' s  u n p a i r e d  t  t e s t s  w i t h  o n e  t a i l e d  
p r o b a b i l i t y  ( e x c e p t  = two t a i l e d  p r o b a b i l i t y ) .
TABLE 8.
Group
C e r v i c a l  c a n c e r
CIN
Z i n c
( p m / 1 )
1 3 . 6  
+0.4 
1 5 2 )
1 3 . 8
+0.6
( 1 5 )
C opp er
( p m / 1 )
2 0 . 6  * * *  
+ 0 . 6  
( 5 2 )
1 7 . 4
+ 0 . 7
( 1 4 )
Z i n c : C o p p e r  
R a t i o  
( p m / 1 )  
0.68  
+ 0 . 0 3  
( 5 2 )
0 . 8 0  *
+ 0 . 0 4
( 1 4 )
E n d o m e t r i a l
c a n c e r
NMG c o n t r o l s
V o l u n t e e r s
1 3 . 0  
+0.6  
( 2 9 )
1 3 . 1  
+0.3 
( 5 9 )
1 3 . 1  
+ 0 . 5  
( 1 8 )
1 7 . 3  
+ 0 . 7  
( 2 9 )
1 7 . 3  
+0.4 
( 5 9 )
1 7 . 1
+0.6
( 1 8 )
0 . 7 9
+ 0 . 0 5
( 2 9 )
0 . 7 6  * 
+0.02 
( 5 8 )
0 . 7 8  *  
+ 0 . 4  
( 1 8 )
* s i g n i f i c a n t l y  h i g h e r  t h a n  i n  c e r v i c a l  c a n c e r  ( p < 0 . 0 5 ) ,
*** s i g n i f i c a n t l y  h i g h e r  th a n  i n  CIN, NMG o r  v o l u n t e e r s ( p < 0 . 0 0 1 ) ,
s i g n i f i c a n t l y  l o w e r  t h a n  i n  c e r v i c a l  c a n c e r  ( p < 0 . 0 0 1 ) .
TABLE 9.
COMPARISON OF SERUM PARAMETERS IN PATIENTS WITH STAGE I CERVICAL 
CANCER AND ENDOMETRIAL CANCER.
R e s u l t s  a r e  e x p r e s s e d  a s  m e a n  v a l u e s  +  S.E.M.  f o r  t h e  n u m b e r  o f  
p a t i e n t s  i n d i c a t e d  i n  p a r e n t h e s i s .  S t a t i s t i c a l  e v a l u a t i o n  w a s  
p e r f o r m e d  u s i n g  S t u d e n t ' s  u n p a i r e d  t  t e s t  w i t h  two t a i l e d  p r o b a b i l i t y .
Parameter Stage I cervical Endometrial cancer
c a n c e r
R e t i n o l 68 73
( p g /  100ml) + 4 . 3 + 3 . 2
1 2 3 ) ( 2 9 )
C a r o t e n o i d s 90 82
( jug / lOOml) + 6 . 1 + 6 . 8
( 2 3 ) ( 2 8 )
Z i n c 1 3 . 4 1 3 . 0
( p m / 1 ) + 0 . 5 + 0 . 6
( 2 3 ) ? 2 9 )
C o p p e r 1 9 . 3 1 7 . 3
( p m / 1 ) + 0 . 8 + 0 . 7
( 2 3 ) ( 2 9 )
Z i n c : C o p p e r 0 . 7 2 0 . 7 9
r a t i o + 0 . 0 4 + 0 . 0 5
( p m / 1 ) *(23) ( 2 9 )
RBP 5 . 0 6 . 1  *
( m g / 1 0 0 m l ) + 0 . 3 + 0 . 3
( 2 2 ) ( 2 9 )
P r e a l b u m i n 2 6 . 5 2 5 . 4
(mg/  10 0m l) + 1 . 3 + 1 . 5
( 2 2 ) ( 2 9 )
* s i g n i f i c a n t l y  h i g h e r  t h a n  s t a g e  I  c a r c i n o m a  o f  t h e  c e r v i x  ( p < 0 . 0 5 ) .
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FIGURE 20.
SERUM RETINOL CONCENTRATION IN RELATION TO STAGE
OF CARCINOMA OF THE CERVIX.
■ )84
(■ = CIN, •=  squamous carcinoma, ^adenocarcinoma,
o= adensquamous carcinoma).  mean.
* *  significantly higher than stage 111 (p « 0 -0 l) .
Statistical evaluation was performed using Student’s unpaired t test
with one tailed probability.
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FIGURE 21.
SERUM CAROTENOID CONCENTRATION IN RELATION TO STAGE
OF CARCINOMA OF THE CERVIX.
(■ -C IN , •-squamous carcinoma, o-adenosquamous carcinoma,
a= adenocarcinoma).   = mean.
*  significantly higher than stage III ( * p < 0 -0 5 , * * p < 0 *0 1 ) .
Statistical evaluation was performed using Student’s unpaired
t test with one tailed probability.
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F IGURE 22.
SERUM PREALBUMIN CONCENTRATION IN RELATION TO STAGE
OF CARCINOMA OF THE CERVIX.
(■ -C IN , •-squam ous carcinoma, o=adenosquamous carcinoma,
a  = adenocarcinoma).    mean.
* * *  Significantly lower than CIN and stage I or II (p<0*001).
Statistical evaluation was performed using Student’s unpaired t test
with one tailed probability.
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FIGURE 23.
SERUM RBP CONCENTRATION IN RELATION TO STAGE
OF CARCINOMA OF THE CERVIX.
8 *0 -
7-0
6*0 -
5-0
4-0i
3 0
2 0
1*0
s
*  •
£ m
• •
• n
CIN STAGE I STAGE II STAGE III
(■mClN, squamous carcinoma, o = adenosquamous carcinoma,
as adenocarcinoma). -----------= mean.
^significantly higher than stage I or III ( p<0*05).
Statistical evaluation was performed using Student’s unpaired t test
with one tailed probability.
VARIATION IN SERUM CONCENTRATIONS OF ZINC, COPPER, AND THE ZINC:COPPER 
RATIO WITH STAGE OF CERVICAL CANCER.
R e s u l t s  a r e  e x p r e s s e d  a s  mea n v a l u e s  +  S .E.M. f o r  t h e  n u m b e r  o f  
i n d i v i d u a l s  i n d i c a t e d  i n  p a r e n t h e s i s .  S t a t i s t i c a l  e v a l u a t i o n  w a s  
p e r f o r m e d  u s i n g  S t u d e n t ' s  u n p a i r e d  t  t e s t  w i t h  o n e  t a i l e d  p r o b a b i l i t y .
TABLE 10.
Stage Serum zinc Serum copper Zinc:copper
(pm/1) (pm/1) (pm/1)
CIN 13 .  b 1 7 . 4  * * * * 0 . 8 0
+ 0 . 6 1 + 0 . 6 7 + 0 . 0 4
( 1 5 ) ( 1 5 ) ( 1 5 )
I 1 3 . 4 1 9 . 3  * * * 0 . 7 0
+ 0 . 4 8 + 0 . 8 0 + 0 . 5 0
( 2 3 ) ( 2 3 ) ( 2 3 )
I I 1 3 . 6 2 0 . 2  - 0 . 7 1
+ 0 . 7 1 + 1 . 2 3 + 0 . 0 4
( 1 4 ) ( 1 4 ) ( 1 4 )
I I I 1 3 . 9 2 2 . 9 0 . 6 3  1
+ 0 . 9 9 + 0 . 9 8 +0 .0 5 -
( 1 5 ) ( 1 5 ) ( 1 5 )
*  s i g n i f i c a n t l y  l o w e r  t h a n  s t a g e  I I I  ( * * *  p < 0 . 0 0 5 ,  * * * *  p < 0 . 0 0 1 ) ,  
-  s i g n i f i c a n t l y  h i g h e r  t h a n  CIN ( p < 0 . 0 5 ) ,
s i g n i f i c a n t l y  l o w e r  t h a n  CIN ( p < 0 . 0 1 ) .
TABLE 11.
VARIATION IN DIETARY INTAKE OF RETINOL, BETA CAROTENE AND RETINOL 
EQUIVALENTS WITH STAGE OF CERVICAL CANCER.
R e s u l t s  a r e  e x p r e s s e d  a s  me an  v a l u e s  +  S .E.M. f o r  t h e  n u m b e r  o f  
i n d i v i d u a l s  i n d i c a t e d  i n  p a r e n t h e s i s .  S t a t i s t i c a l  e v a l u a t i o n  w a s  
p e r f o r m e d  u s i n g  S t u d e n t ' s  u n p a i r e d  t  t e s t  w i t h  tw o  t a i l e d  p r o b a b i l i t y ,  
f o l l o w i n g  s q u a r e  r o o t  t r a n s f o r m a t i o n  o f  t h e  d a t a .
S t a g e D i e t a r y  r e t i n o l D i e t a r y D i e t a r y  r e t i n o l
( p g / d a y ) b e t a  c a r o t e n e e q u i v a l e n t s
Q i g / d a y ) ( j i g / d a y  )
CIN 1810 3680 24 2 0
( 8 ) + 3 4 3 + 6 3 0 +345
1 1230 2940 1730
( 2 4 ) +3.58 +307 + 178
11 2190 5271 3095 *
( 1 0 ) + 5 4 0 + 1075 +579
I I I 1560 3560 21 6 0
( 1 2 ) +381 + 7 3 5 + 4 8 4
* s i g n i f i c a n t l y ;  h i g h e r  t h a n  s t a g e  I  ( p < 0 . 0 1 )
TABLE 12.
SERUM PARAMETERS IN CERVICAL CANCER PATIENTS WHO REPORTED WEIGHT LOSS 
AND IN MATCHED PATIENTS WHO REPORTED NO WEIGHT LOSS.
P a t i e n t s  who r e p o r t e d  r e c e n t  w e i g h t  l o s s  w e r e  m a t c h e d  by s t a g e
w i t h  t h e  c e r v i c a l  c a n c e r  p a t i e n t  w i t h  t h e  m o s t  s i m i l a r  a g e  who
r e p o r t e d  n o  w e i g h t  l o s s .  R e s u l t s  a r e  e x p r e s s e d  a s  m e a n  v a l u e s  +
S.E .M. ,  f o r  t h e  n u m b e r  o f  i n d i v i d u a l s  i n d i c a t e d  i n  p a r e n t h e s i s .
S t a t i s t i c a l  a n a l y s i s  was p e r f o r m e d  u s i n g  S t u d e n t ' s  p a i r e d  t  t e s t s  w i t h  
one  t a i l e d  p r o b a b i l i t y .
P a r a m e t e r W eig h t  l o s s No w e i g h t  l o s s
Age 5 1 . 6 5 0 . 9
( y e a r s ) + 4 . 8 + 4 . 1
R e t i n o l 49 60
( p g / 1 0 0 m l ) + 4 . 4 + 5 . 1
C a r o t e n o i d s 51 70
( j i g / 1 0 0 m l ) + 5 . 0 + 1 2 . 0
Z i n c 1 3 . 2 1 4 . 1
( p m / 1 ) + 1 . 0 2 + 1 . 2 4
C opp er 2 0 . 8 2 1 . 4
( p m / 1 ) + 1 . 9 4 + 1 . 4 2
RBP 4 . 9 4 . 9
( m g / 1 0 0 m l ) 41). 82 + 0 . 4 2
PA 1 8 . 6 2 3 . 4
( m g / 1 0 0 m l ) + 1 . 6 1 +1.9-1
TABLE 13.
VARIATION IN SERUM PARAMETERS IN PATIENTS WITH ENDOMETRIAL TUMOURS OF
DIFFERENT DIFFERENTIATION.
R e s u l t s  a r e  e x p r e s s e d  a s  me an  v a l u e s  +S .E .M .  f o r  t h e  n u m b e r  o f
p a t i e n t s  i n d i c a t e d  i n  p a r e n t h e s i s .  S t a t i s t i c a l  e v a l u a t i o n  w a s  
p e r f o r m e d  u s i n g  S t u d e n t ' s  u n p a i r e d  t  t e s t  w i t h  one  t a i l e d  p r o b a b i l i t y .
Parameter Well differentiated Moderately or poorly
differentiated
R e t i n o l  bO 65 *
( p g / 1 0 0 m l )  + 4 . 3  + 4 . 5
( 1 4 )  ( 1 3 )
C a r o t e n o i d s  86 78
( j i g / 1 0 0 m l )  + 1 0 . 3  + 1 0 . 7
( 1 4 )  ( 1 2 )
Z i n c  1 3 . 4  1 2 . 6
( p m / 1 )  + 0 . 7  + 0 . 9
( 1 4 )  ( 1 3 )
C o pp e r  1 5 . 9  1 8 . 6
( p m / 1 )  + 0 . 9  + 1 . 2
( 1 4 )  ( 1 3 )
Z i n c i c o p p e r  0 . 8 8  0 . 7 2
r a t i o  ( p m / 1 )  + 0 . 0 7
RBP 7 . 1  5 . 3  * * *
( m g / 1 0 0 m l )  + 0 . 5  + 0 . 3
( 1 4 )  ( 1 3 )
P r e a l b u m i n  2 5 . 9  2 2 . 3
( m g / 1 0 0 m l )  + 2 « 5  + 2 . 1
( 1 4 )  ( 1 3 )
* s i g n i f i c a n t l y  l o w e r  t h a n  w e l l  d i f f e r e n t i a t e d  ( *  p < 0 . 0 5 ,
* * *  p < . 0 . 0 0 5 ) ,
s i g n i f i c a n t l y  h i g h e r  than  w e l l  d i f f e r e n t i a t e d  ( p < 0 . 0 5 ) .
RELATIONSHIP BETWEEN SERUM PARAMETERS AND OUTCOME IN CERVICAL CANCER.
P a t i e n t s  wh o  d i e d  d u r i n g  t h e  c o u r s e  o f  t h e  p r e s e n t  s t u d y  w e r e  
m a t c h e d  f o r  a g e  and s t a g e  o f  d i s e a s e  w i t h  i n d i v i d u a l s  who w e r e  a l i v e  
a t  t h e  t e r m i n a t i o n  o f  t h e  s t u d y .  R e s u l t s  a r e  e x p r e s s e d  as  mean v a l u e s  
+S .E .M .  f o r  t e n  i n d i v i d u a l s  i n  e a c h  g r o u p .  S t a t i s t i c a l  e v a l u a t i o n  
w a s  p e r f o r m e d  u s i n g  S t u d e n t ' s  p a i r e d  t  t e s t  w i t h  o n e  t a i l e d  
p r o b a b i l i t y .
TABLE 14.
ALIVE DECEASED
Age 5 2 . 6  5 2 . 0
+ 5 . 2  + 4 . 5
R e t i n o l  63 * 48
( /ug /  100m l)  + 6 . 7  + 5 . 2
C a r o t e n o i d s  75 56
( p g / 1 0 0 m l )  + 1 0 . 5  + 8 . 6
Z i n c  1 3 . 7  1 2 . 3
( p m / 1 )  + 0 . 9  + 0 . 7
C o p p e r  2 0 . 9  2 1 . 8
( f tm/1 )  + 1 . 5  + 1 . 3
Z i n c : c o p p e r  0 . 6 8  * *  0 . 5 8
r a t i o  ( p m / 1 )  + 0 . 6  +®*4
RBP 5 . 0  4 . 4
( m g / 1 0 0 m l )  + 0 . 5  + 0 . 7
P r e a l b u m i n  2 2 . 4  1 9 . 9
( m g / 1 0 0 m l )  + 2 . 0  + 1 . 7
*  s i g n i f i c a n t l y  h i g h e r  t h a n  d e c e a s e d  ( *  p < 0 . 0 5 ,  * *  p < 0 . 0 1 ) .
TABLE 15.
SERUM PARAMETERS IN PATIENTS WITH PRETREATMENT AND M ID . TREATMENT 
SAMPLES.
Results are expressed as mean values + S.E.M. for the number of 
patients indicated in parenthesis. Statistical evaluation was 
performed using Student's paired t tests with one tailed probability.
P a r a m e t e r C e r v i c a l c a n c e r E n d o m e t r i a l c a n c e r
F i r s  t S e c o n d F i r s t S ec on d
R e t i n o l 62 59 69 70
( p g / l U O m l ) + 3 . 0 + 2 . 6 + 4 . 5 + 4 . 2
( 4 2 ) 1 4 2 ) ( 1 3 ) ( 1 5 )
C a r o t e n o i d s 76 64 73 69
( p g / 1 0 0 m l ) + 4 . 6 + 4 . 5 + 7 . 7 + 7 . 9
( 4 1 ) ( 4 1 ) ( 1 5 ) ( 1 5 )
Z i n c 1 3 . 9 1 4 . 8 1 3 . 0 1 3 . 1
( p m / 1 ) + 0 . 5 0 + 0 . 4 9 + 0 . 8 7 + 0 . 6 0
( 4 1 ) ( 4 1 ) ( 1 2 ) ( 1 2 )
C o pp e r 2 1 . 6 1 9 . 8 ------ 1 8 . 0 1 7 . 0
( p m / 1 ) + 0 . 8 0 + 0 . 6 8 + 0 . 9 8 + 0 . 9 6
( 4 1 ) ( 4 1 ) ( 1 2 ) ( 1 2 )
Z i n c : c o p p e r 0 . 6 7 0 . 7 8  * * 0 . 7 4 0 . 7 9
r a t i o + 0 . 0 3 + 0 . 0 4 + 0 . 0 6 + 0 . 0 5
( p m / 1 ) ( 4 1 ) ( 4 1 ) ( 1 2 ) ( 1 2 )
RBP 5 . 2 5 . 5 6 . 0 6 . 7  *
( m g / 1 0 0 m l ) + 0 . 2 7 + 0 . 2 9 + 0 . 4 0 + 0 . 4 9
( 3 9 ) ( 3 9 ) ( 1 6 ) ( 1 6 )
PA 2 1 . 8 2 3 . 2 2 3 . 7 2 7 . 9  *
( m g / 1 0 0 m l ) +1 • 3 + 1 . 6 + 2 . 2 + 2 . 0
“ ( 4 2 ) ( 4 2 ) ( 1 6 ) ( 1 6 )
*  s i g n i f i c a n t l y  h i g h e r  t h a n  p r e t r e a t m e n t  sa m p l e  ( *  p < 0 . 0 5 ,  * *  p < 0 . 0 1 ) .  
s i g n i f i c a n t l y  l o w e r  t h a n  p r e t r e a t m e n t  sa m p l e  ( p < 0 . 0 0 1 ) .
TABLE 16.
COURSE OF THERAPY.
R e s u l t s  a r e  e x p r e s s e d  a s  mean v a l u e s  +  S.E.M.  f o r  t h e  n u m b e r  o f
i n d i v i d u a l s  i n d i c a t e d  i n  p a r e n t h e s i s .  S t a t i s t i c a l  a n a l y s i s  wa s
p e r f o r m e d  u s i n g  S t u d e n t ' s  p a i r e d  t  t e s t  ( o n e  t a i l e d ) .
P a r a m e t e r  P r e t r e a t m e n t  S e c o n d  Sample T h i r d  sa m p l e
sa m p l e
R e t i n o l  59 55 59
( p g / 1 0 0 m l )  + 4 . 6  + 3 . 4  + 4 . 2
( 2 3 )  ( 2 3 )  7 2 3 )
C a r o t e n o i d s  67 57 60
( p g / 1 0 0 m l )  + 5 . 5  + 6 . 1  + 7 . 4
( 2 3 )  ( 2 3 )  ( 2 3 )
Z i n c  1 4 . 1  1 5 . 4  1 3 . 5
( p m / 1 )  + 0 *70 + 0 . 6 8  + . 6 2
( 2 3 )  ( 2 3 )  ( 2 3 )
CHANGES IN SERUM PARAMETERS IN CERVICAL CANCER PATIENTS DURING THE
C o pp e r 2 2 . 6 2 1 . 1  * * 1 9 . 1  * *
( p m / 1 ) + 1 . 1 4 + 1 . 0 5 + 1 . 0 3
( 2 3 ) ( 2 3 ) ( 2 3 )
Z i n c : C o p p e r 0 . 6 5 0 . 7 8  ~ 0 . 7 4
R a t i o + 0 . 0 4 + 0 . 0 6 + 0 . 0 5
(pm/1) ( 2 3 ) ( 2 3 ) ( 2 3 )
RBP 4 . 8 5 . 1 5 . 4  ~
(m g/ lO Um l) + 0 . 3 3 + 0 . 3 3 + 0 . 2 5
( 2 2 ) ( 2 2 ) ( 2 2 )
PA 2 0 . 8 2 1 . 3 2 2 . 8 “
( m g / 1 0 0 m l ) + 1 .  6 + 1 . 8 + 1 . 7
( 2 2 ) ( 2 2 ) ( 2 2 )
* *  s i g n i f i c a n t l y  l o w e r  t h a n  p r e t r e a t m e n t  s a m p l e  ( p < 0 . 0 1 )  
s i g n i f i c a n t l y  h i g h e r  th a n  p r e t r e a t m e n t  sa m p l e  ( p < 0 . 0 5 )
I n i t i a l  c o p p e r  s a m p l e  s i g n i f i c a n t l y  h i g h e r  (p < 0 . 0 0 1 )  t h a n  mean v a l u e  
f o r  NMG ( 1 7 . 3  +  2 .9  p m / 1  f o r  59  p a t i e n t s ) .  F i n a l  c o p p e r  v a l u e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  NMG.
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RELATIONSHIP BETWEEN SERUM CONCENTRATIONS OF 
RETINOL BINDING PROTEIN AND PREALBUMIN.
FIGURE 24.
Serum prealbumin concentration (mg/100ml).
INDIVIDUAL GROUPS
□ Cervical cancer............ r=0-524, p< 0*001
o Endometrial cancer. ... . .. r= 0-491, p< 0-005
A NMG controls ............ r= 0-602, p<0-001
A Volunteers.............. N.S.
■ CIN............................. .... r= 0-710, pc 0-001
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RELATIONSHIP BETWEEN SERUM RETINOL AND RBP 
CONCENTRATIONS.
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FIGURE 25.
Statistical evaluation was performed r = 0-429
>
Serum RBP concentration (mg/100ml). 
INDIVIDUAL GROUPS
p < 0 -0 0 1
□ Cervical cancer..................r = 0-495
o Endometrial cancer  r= 0 *5 9 0
A NM G controls .................... r= 0 *3 3 0 , p <  0 -0 0 5
A Volunteers.......................... r -  0*380 , NS
■ CIN r =  0 *4 4 0 , p < 0 -0 5
FIGURE 26.
DIETARY PREFORMED RETINOL INTAKE IN THE STUDY POPULATION.
Statistical evaluation was performed using Student’s unpaired t test 
(two tailed probability) following square root transformation of the data.
cancer cancer controls 
*  significantly lower than NMG (p < 0 -0 5 ).
FIGURE 27.
VARIATION IN DIETARY 3^-CAROTENE INTAKE IN 
THE STUDY POPULATION.
Statistical evaluation was performed using Student's unpaired t test 
(two tailed probability) following square root transformation of the data.
 =5 mean.
A 3 2 6 6 0
cancer cancer controls 
^  significantly lower than volunteers (p < 0 -0 2 ).
FIGURE 28.
DIETARY TOTAL RETINOL INTAKE IN THE STUDY POPULATION.
Statistical evaluation was performed using Student’s unpaired t test 
(two tailed probability) following square root transformation of the data.
 =m ean.
cancer cancer controls
R e s u l t s  a r e  e x p r e s s e d  a s  mea n v a l u e s  +  S .E.M. i n  g r a m s / w e e k  f o r  
a i l  f o o d s  e x c e p t  m e a t  ( w e e k l y  f r e q u e n c y )  a n d  f a t  ( g r a m s / d a y ) .  The  
number o f  i n d i v i d u a l s  i n  e a c h  g r o u p  a r e  i n d i c a t e d  i n  p a r e n t h e s i s .
TABLE 17.
CONSUMPTION OF INDIVIDUAL FOOD ITEMS IN THE STUDY POPULATION.
Fo o d C e r v i c a l
c a n c e r
GIN E n d o m e t r i a l
c a n c e r
NMG
c o n t r o l s
V o l u n t e e r s
( 4 7 ) ( 8 ) ( 2 7 ) ( 4 0 ) ( 2 2 )
P a t e 12 16 7 21 11
+ 3 . 8 + 9 . 6 + 2 . 9 + 6 . 2 + 3 . 3
L i v e r 42 42 42 47 33
+ 9 . 5 + 1 3 . 4 + 1 2 . 6 + 9 . 9 + 1 0 . 3
B u t t e r 189 74 121 95 74
+31 +31 +25 +19 +22
M a r g a r i n e 75 89 66 135 73
+16 +37 + 20 +29 +22
M i l k 2485 2290 1846 2470 1811
+65 +327 +247 +189 +387
c h e e s e 164 164 143 203 134
+23 +36 +25 +33 +26
Egg 211 219 147 238 181
+25 +64 +24 +25 +23
Cake 119 177 184 140 64
+32 + 75 +46 +38 +18
P a s t r y 98 60 76 73 52
+23 + 20 +23 +13 + 10
Meat 5 . 2 6 . 6 4 . 6 5 . 6 4 . 1
+ 0 . 3 + 0 . 4 + 0 . 4 + 0 . 3 + 0 . 8
Fat 106 100 89 104 73
i n d e x + 6 . 7 + 1 0 . 5 + 5 . 5 + 5 . 3 + 4 . 8
TABLE 18.
CONSUMPTION OF INDIVIDUAL FOOD ITEMS IN TEDS STUDY POPULATION.
R e s u l t s  a r e  e x p r e s s e d  a s  mean v a l u e s  +  S.E.M. i n  g r a m s / w e e k .  The
number o f  i n d i v i d u a l s  i n  e a c h  g r o u p  a r e  i n d i c a t e d  i n  p a r e n t h e s i s .
F ood C e r v i c a l
c a n c e r
CIN E n d o m e t r i a l
c a n c e r
NMG
c o n t r o l s
Volunt<
( 4 7 ) ( 8 ) ( 2 7 ) ( 4 0 ) ( 2 2 )
F r u i t 405 537 396 683 559
j u i c e ± 71 +187 +156 +119 +112
Gre en  bea ns 106 146 166 151 296
+1.5 +61 +34 +29 +111
Peas 146 149 136 151 150
+20 +62 +24 +24 +43
—
Dark g r e e n 88 146 110 192 235
v e g e t a b l e s +18 +6  7 +24 +29 +54
Cabbage 232 137 198 174 355
+32 +44 +40 +24 +81
C a r r o t s 117 115 105 102 230
+18 +4 7 +24 +17 +76
Tomato 334 353 265 237 419
+ 5  7 +66 + 4 0 + 34 + 7 0
S a l a d 78 135 72 117 142
± 13 +38 +17 +18 +22
Orange 197 88 238 158 298
+42 +52 + 59 +38 +61
A p p l e 382 305 451 437 603
+56 +96 +67 +56 +62
Banana 150 139. 138 150 86
+32 +84 +38 + 33 +25
FIGURE 29.
PATTERN OF FRUIT JUICE CONSUMPTION IN THE STUDY
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POPULATION.
Figures in parenthesis represent group size. Statistical evaluation 
was performed using the chi squared test with Yate’s correction.
CIN = cervical intraepithelial neoplasia,
CVX= cervical cancer,
ENDO=endometrial cancer,
NMG= non malignant gynaecological disease, 
VOL = volunteers.
100- 
90- 
80- 
70- 
60- 
%  50- 
40- 
30- 
20 - 
10- 
0-
(47)^e ( 2 7 ) ^ ^  (4 0 )  t
Categories
(g/week).
CIN CVX ENDO NMG VOL
^  significantly more CVX and ENDO than VOL never drank fruit 
juice p<0*01 p< 0*001).
f significantly fewer NMG than ENDO never drank fruit juice (p<0‘0l).
FIGURE 30.
PATTERN OF MEAT CONSUMPTION IN THE STUDY POPULATION.
Figures in parenthesis represent group size. Statistical evaluation 
was performed using the chi squared test with Yate’s correction.
CIN = cervical intraepithelial neoplasia,
CVX= cervical cancer,
ENDO= endometrial cancer,
NMG= non malignant gynaecological disease, 
VOL = volunteers.
100- 
90- 
80- 
70- 
60- 
%  50- 
40- 
30- 
20-  
10-  
0-
(8)
CIN CVX ENDO
(4 0 ) *  (2 2 )
NMG VOL
j^ategorieg. 
(times/week).
^significantly fewer NMG than ENDO or VOL ate meat less
than 5 times/week ( p<0*05).
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FIGURE 31.
PATTERN OF FAT CONSUMPTION IN THE STUDY POPULATION.
Figures in parenthesis represent group size. Statistical evaluation 
was performed using the chi squared test with Yate’s correction.
CIN = cervical intraepithelial neoplasia,
CVX= cervical cancer,
ENDO=endometrial cancer,
NMG = non malignant gynaecological disease,
VOL = volunteers.
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t-
.Categories, 
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*  significantly fewer CVX, ENDO, and NMG than VOL ate 
100g or less fat/day (*p<0*01 , *  *  p < 0 0 0 5 ,***p < 0 -0 0 1 }.
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FIGURE 32.
PATTERN OF SALAD CONSUMPTION IN THE STUDY POPULATION.
Figures in parenthesis represent group size. Statistical evaluation 
was performed using the chi squared test with Yate’s correction.
CIN * cervical intraepithelial neoplasia,
CVX= cervical cancer,
ENDO=endometrial cancer,
NMG= non malignant gynaecological disease, 
VOL = volunteers.
CIN CVX ENDO NMG
.Categories.
(g/week).
VOL
significantly fewer CVX, ENDO, and NMG than VOL ate more
than 160g salad/week (^p < 0-05 ,^^ p <0*01 ,^^^ p <0 '005 ).
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FIGURE 33.
PATTERN OF ORANGE CONSUMPTION IN THE STUDY POPULATION.
Figures in parenthesis represent group size. Statistical evaluation 
was performed using the chi squared test with Yate’s correction.
CIN = cervical intraepithelial neoplasia,
CVX= cervical cancer,
ENDO s endometrial cancer,
NMG= non malignant gynaecological disease,
VOL = volunteers.
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•46 significantly higher numbers of CVX, ENDO, and NMG than VOL 
never ate oranges (^ p  <0*005 , 46 46 p< 0*001).
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FIGURE 34.
PATTERN OF APPLE CONSUMPTION IN THE STUDY POPULATION.
Figures in parenthesis represent group size. Statistical evaluation 
was performed using the chi squared test with Yate’s correction.
CIN = cervical intraepithelial neoplasia,
CVX= cervical cancer,
ENDO=endometrial cancer,
NMG= non malignant gynaecological disease,
VOL = volunteers.
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*  significantly fewer CVX and NMG than VOL ate more than
420g apples/week ( ^ p < 0 * 0 5 , * *  P<0-01).
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FIGURE 35.
PATTERN OF CARROT CONSUMPTION IN THE STUDY POPULATION.
Figures in parenthesis represent group size. Statistical evaluation 
was performed using the chi squared test with Yate’s correction.
CIN = cervical intraepithelial neoplasia,
CVX= cervical cancer,
ENDO=endometrial cancer,
NMG = non malignant gynaecological disease,
VOL = volunteers.
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FIGURE 36.
PATTERN OF MILK CONSUMPTION IN THE STUDY POPULATION.
Figures in parenthesis represent group size. Statistical evaluation 
was performed using the chi squared test with Yate’s correction.
CIN = cervical intraepithelial neoplasia,
CVX= cervical cancer,
ENDO=endometrial cancer,
NMG= non malignant gynaecological disease,
VOL = volunteers.
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FIGURE 37.
PATTERN OF LIVER CONSUMPTION IN THE STUDY POPULATION.
125
Figures in parenthesis represent group size. Statistical evaluation 
was performed using the chi squared test with Yate’s correction.
CIN = cervical intraepithelial neoplasia,
CVX= cervical cancer,
ENDO=endometrial cancer,
NMG= non malignant gynaecological disease,
VOL s volunteers.
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RELATIONSHIP BETWEEN FREQENCY AND NUMBER OF 
EGGS EATEN.
FIGURE 38.
Egg consumption (number/week). 
INDIVIDUAL GROUPS
Cervical cancer.................... r = 0-541
Endometrial cancer............. r =0-831
NMG controls r =0-927
Volunteers ............................. r =0-868
► P<0-001
A
CIN. r =0-816 , p <0-01
TABLE 19.
R e s u l t s  a r e  e x p r e s s e d  a s  numbers  o f  i n d i v i d u a l s  r e p o r t i n g  c h a n g e s  
i n  t h e i r  d i e t a r y  p a t t e r n .  The  n u m b e r  o f  i n d i v i d u a l s  i n  e a c h  g r o u p  
a r e  i n d i c a t e d  i n  p a r e n t h e s i s .
REASON FOR CHANGES IN USUAL FOOD CONSUMPTION IN THE STUDY POPULATION.
C e r v i c a l  CIN NMG E n d o m e t r i a l  V o l u n t e e r s  
c a n c e r  c o n t r o l s  c a n c e r
A t t e m p t i n g  t o  b -  10
l o s e  w e i g h t
A d v e r s e  e f f e c t  3 - 4  -  1
o f  f o o d
R e t u r n e d  f r o m  1 1 -  -  -
a b r o a d
I n c r e a s e  i n  1 2 -  1 2
f i b r e
E f f e c t  o f  -  -  1 -  1
p r e g n a n c y
S o c i a l  c h a ng e  -  1 3 -  -
G e n e r a l  c h a ng e  6 - 2  3 1
(n o n  s p e c i f i c )
T h e r a p e u t i c  d i e t  -  -  -  2 1
L o s s  o f  a p p e t i t e  7 -  -  4 -
TOTAL 23 4 20 14 9
( 4 7 )  ( 6 )  ( 4 0 )  ( 2 7 )  ( 2 2 )
S i g n i f i c a n t l y  l o w e r  s e r u m  r e t i n o l  c o n c e n t r a t i o n s  w e r e  f o u n d  i n  
c e r v i c a l  c a n c e r  p a t i e n t s  t h a n  i n  b o t h  p a t i e n t s  w i t h  n o n  m a l i g n a n t  
g y n a e c o l o g i c a l  d i s e a s e  (NMG) a n d  h e a l t h y  v o l u n t e e r s .  H o w e v e r ,  mean 
s e r u m  r e t i n o l  c o n c e n t r a t i o n  i n  e n d o m e t r i a l  c a n c e r  w a s  n o t  
s i g n i f i c a n t l y  l o w e r  t h a n  NMG b u t  t h e  d i f f e r e n c e  b e t w e e n  e n d o m e t r i a l  
c a n c e r  p a t i e n t s  and  v o l u n t e e r s  w a s  s i g n i f i c a n t .  F u r t h e r m o r e ,  t h e  
s e r u m  r e t i n o l  c o n c e n t r a t i o n  w a s  s i g n i f i c a n t l y  h i g h e r  i n  e n d o m e t r i a l  
th an  c e r v i c a l  c a n c e r  p a t i e n t s .  P a t i e n t s  w i t h  c e r v i c a l  i n t r a e p i t h e l i a l  
n e o p l a s i a  ( C I N ) ,  a f o r e r u n n e r  o f  i n v a s i v e  c e r v i c a l  c a n c e r ,  h ad  
s i g n i f i c a n t l y  h i g h e r  s e r u m  r e t i n o l  l e v e l s  t h a n  t h o s e  w i t h  c e r v i c a l  
c a n c e r  and mean se ru m  r e t i n o l  was  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  NMG 
c o n t r o l s  o r  v o l u n t e e r s .
Thus ,  i t  w o u l d  a p p e a r  t h a t  s e ru m  r e t i n o l  l e v e l s  a r e  n o r m a l  p r i o r  
t o  t h e  o n s e t  o f  i n v a s i v e  c a n c e r  and t h a t  t h e  l o w e r  l e v e l s  o b s e r v e d  i n  
c e r v i c a l  c a n c e r  a r i s e  a s  a r e s u l t  o f  t h e  p r e s e n c e  o f  t h e  t u m o u r .  
F u r t h e r  s u p p o r t  f o r  t h i s  i s  p r o v i d e d  b y  e x a m i n i n g  s e r u m  r e t i n o l  i n  
c a n c e r  p a t i e n t s  b y  s t a g e  o f  d i s e a s e .  A d o w n w a r d  t r e n d  i n  s e r u m  
r e t i n o l  w a s  o b s e r v e d  f r o m  CIN t o  s t a g e  I I I  c a r c i n o m a  o f  t h e  c e r v i x .  
The d i f f e r e n c e s  b e t w e e n  s t a g e  I I I  and :  CIN, s t a g e  I  and  s t a g e  I I  w e r e  
s t a t i s t i c a l l y  s i g n i f i c a n t .  S i m i l a r l y ,  C h a u d h y  et_ a l ,  ( 1 9 8 0 )  f o u n d  
l o w e r  l e v e l s  i n  p a t i e n t s  w i t h  mo re  a d v a n c e d  c a n c e r  o f  t h e  o r a l  c a v i t y  
a n d  o r o p h a r y n x  t h a n  i n  p a t i e n t s  w i t h  e a r l i e r  s t a g e s  o f  t h e  d i s e a s e .  
Our f i n d i n g  o f  l o w e r  l e v e l s  o f  r e t i n o l  i n  t h e  se rum o f  c e r v i c a l  c a n c e r  
p a t i e n t s  i s  i n  a g r e e m e n t  w i t h  t h e  p r e l i m i n a r y  f i n d i n g s  o f  W y n d e r
( 1 9 6 9 ) .
DISCUSSION.
Serum Concentrations.
I n  c o n t r a s t  t o  c e r v i c a l  c a n c e r ,  l o w e r  s e r u m  r e t i n o l  w a s  n o t  
o b s e r v e d  i n  e n d o m e t r i a l  c a n c e r  p a t i e n t s  when c o m p a r e d  t o  NMG c o n t r o l s ,  
a l t h o u g h  i t  w a s  l o w e r  t h a n  i n  v o l u n t e e r s .  U n l i k e  c e r v i c a l  c a n c e r ,  
w h i c h  i s  p r e d o m i n a t e l y  s q u a m o u s  i n  o r i g i n ,  e n d o m e t r i a l  c a n c e r  i s  
u s u a l l y  g l a n d u l a r  i n  d i f f e r e n t i a t i o n  (De P a l o  et a l . ,  1 9 8 2 ) .  I n d e e d ,  
i n  t h e  p r e s e n t  s t u d y ,  a l l  t h e  p a t i e n t s  w i t h  e n d o m e t r i a l  c a n c e r  
p r e s e n t e d  w i t h  a d e n o c a r c i n o m a .  L o w e r  l e v e l s  o f  s e r u m  r e t i n o l  h a v e  
b e e n  o b s e r v e d  i n  a n u m b e r  o f  c a n c e r s  i n c l u d i n g  b i l h a r z i a l  b l a d d e r  
c a n c e r ,  l u n g  c a n c e r  a n d  t u m o u r s  o f  t h e  h e a d  a n d  n e c k  r e g i o n .  The  
t u m o u r s  a t  t h e s e  s i t e s  a r e  f o r  t h e  m o s t  p a r t  s q u a m o u s  i n  o r i g i n .  
T h u s ,  t h e  d i f f e r e n c e  i n  s e r u m  r e t i n o l  l e v e l s  o b s e r v e d  i n  c e r v i c a l  
c a n c e r  a n d  e n d o m e t r i a l  c a n c e r  may b e  a c o n s e q u e n c e  o f  t h e  d i f f e r e n t  
h i s t o l o g i c a l  t y p e s  o f  t u m o u r s .  Mean r e t i n o l  c o n c e n t r a t i o n  i n  t h e  
s e ru m  o f  7 p a t i e n t s  w i t h  a d e n o c a r c i n o m a  o f  t h e  c e r v i x  was 75 p g / l O O m l  
w h i c h  was c o m p a r a b l e  t o  t h e  l e v e l  i n  a d e n o c a r c i n o m a  o f  t h e  e n d o m e t r i u m  
( 7 3  p g / 1 0 0 m l ) .  H o w e v e r ,  n o n e  o f  t h e s e  p a t i e n t s  had a d v a n c e d  d i s e a s e .  
T h i s  was a l s o  t r u e  o f  t h e  e n d o m e t r i a l  c a n c e r  p a t i e n t s ,  t h e  m a j o r i t y  o f  
whom p r e s e n t e d  w i t h  s t a g e  I  d i s e a s e .  Serum r e t i n o l  c o n c e n t r a t i o n  i n  
p a t i e n t s  w i t h  s t a g e  I  s q u a m o u s  c e l l  c a r c i n o m a  o f  t h e  c e r v i x  w a s  71  
p g / 1 0 0 m l  and t h e  d i f f e r e n c e  b e t w e e n  t h e s e  i n d i v i d u a l s  and  e n d o m e t r i a l  
c a n c e r  p a t i e n t s  was  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  F u r t h e r m o r e ,  t h e  
d i f f e r e n c e  b e t w e e n  p a t i e n t s  w i t h  s t a g e  I  squamous  c e l l  c a r c i n o m a  o f  
t h e  c e r v i x  a n d  p a t i e n t s  w i t h  a d e n o c a r c i n o m a  o f  t h e  c e r v i x  w a s  n o t  
s i g n i f i c a n t .  T h u s ,  i t  i s  p o s s i b l e  t h a t  t h e  d i f f e r e n c e  b e t w e e n  
c e r v i c a l  and e n d o m e t r i a l  c a n c e r  p a t i e n t s  was  m e r e l y  a c o n s e q u e n c e  o f  
th e  s t a g e  o f  t h e  d i s e a s e .
B a s u  e £  a l ^  ( 1 9 8 2 )  m e a s u r e d  s e r u m  r e t i n o l  b y  a s i m i l a r  
f l u o r i m e t r i c  m e t h o d  t o  t h a t  u s e d  i n  t h e  p r e s e n t  s t u d y ,  i n  p a t i e n t s
w i t h  m y e l o m a t o s i s  a n d  i n  p a t i e n t s  w i t h  e p i t h e l i a l  t u m o u r s ,  a n d  
c o m p a r e d  t h e m  t o  h e a l t h y  s u b j e c t s .  F o u r  o f  t h e  e p i t h e l i a l  c a n c e r  
p a t i e n t s  had e n d o m e t r i a l  c a n c e r ,  and t h e i r  mean s e ru m  r e t i n o l  v a l u e  
w a s  2 5 . 2  p g / l O O m l  a n d  t h e  me an  RBP 2 . 0  m g / l O O m l ,  c o m p a r e d  t o  8 5 . 3  
j u g / l U O m l  a n d  3 . 3  m g / l O O m l  r e s p e c t i v e l y  i n  h e a l t h y  c o n t r o l s .  
F u r t h e r m o r e ,  s e r u m  r e t i n o l  a n d  RBP c o n c e n t r a t i o n s  w e r e  l o w e r  i n  
e n d o m e t r i a l  c a n c e r  p a t i e n t s  t h a n  i n  c a n c e r  o f  t h e  l u n g  and b r o n c h u s ,  
b l a d d e r  o r  b r e a s t .  T h e s e  r e s u l t s  d i f f e r  c o n s i d e r a b l y  f r o m  t h o s e  we  
o b t a i n e d .  H o w ev er ,  p a t i e n t s  i n  t h e  a f o r e  m e n t i o n e d  s t u d y  w e r e  b e i n g  
t r e a t e d  w i t h  c h e m o t h e r a p e u t i c  a g e n t s  i n c l u d i n g  c y c l o p h o s p h a m i d e ,  
v i n c r i s t i n e ,  m e t h o t r e x a t e  and 5 - f l u r o u r a c i l .  C h e m o t h e r a p y  i s  n o t  u s e d  
i n  e a r l y  e n d o m e t r i a l  c a r c i n o m a ;  th u s  i t  i s  l i k e l y  t h a t  t h e s e  p a t i e n t s  
had  a d v a n c e d  d i s e a s e ,  w h i c h  may h a v e  b e e n  r e s p o n s i b l e  f o r  t h e  l o w e r  
l e v e l s  o f  r e t i n o l  a n d  RBP. H o w e v e r ,  an  a l t e r n a t i v e  e x p l a n a t i o n  i s  
t n a t  c h e m o t h e r a p y  r e d u c e d  t h e i r  f o o d  i n t a k e  and g e n e r a l  n u t r i t i o n a l  
s t a t u s .  C h e m o t h e r a p y  w i t h  t h e s e  a g e n t s  i s  a s s o c i a t e d  w i t h  n a u s e a ,  
v o m i t i n g ,  d i a r r h o e a  a n d  a n o r e x i a  ( D i c k e r s o n ,  1 9 8 1 )  a n d  p a t i e n t s  
u n d e r g o i n g  c h e m o t h e r a p y  o f t e n  l o s e  w e i g h t .  W e i g h t  l o s s ,  e v e n  i n  o b e s e  
i n d i v i d u a l s  i s  a s s o c i a t e d  w i t h  a r e d u c t i o n  i n  s e r u m  c o n c e n t r a t i o n s  o f  
RBP, PA a n d  h e n c e  o f  r e t i n o l  ( S h e t t y  ej :  a l .  1 9 7 9 ) .  I n  t h e  p r e s e n t  
s t u d y  t h e  p a t i e n t s  h a d  e a r l y  d i s e a s e  a n d  a l l  i n d i v i d u a l s  w h o  h a d  
r c e i v e d  p r i o r  t h e r a p y  w e r e  e x c l u d e d .  T h e s e  d i f f e r e n c e s  may a c c o u n t  
f o r  o u r  r e s u l t s  b e i n g  i n c o m p a r a b l e  t o  t h o s e  o f  Basu ejt a l .  (1 9 8 2 ) .
S u p p o r t  f o r  t h e  d i f f e r e n c e s  i n  s e ru m  r e t i n o l  b e t w e e n  c e r v i c a l  and 
e n d o m e t r i a l  c a n c e r  o c c u r r i n g  a s  a c o n s e q u e n c e  o f  mo re  a d v a n c e d  d i s e a s e  
i s  p r o v i d e d  by c o n s i d e r i n g  t h e  s e r u m  c o p p e r  l e v e l s .  S e r u m  c o p p e r  
c o n c e n t r a t i o n  w a s  s i g n i f i c a n t l y  h i g h e r  i n  p a t i e n t s  w i t h  c e r v i c a l  
c a n c e r  t han  i n  b o t h  g r o u p s  o f  c o n t r o l s .  F u r t h e r m o r e ,  t h e  se ru m  c o p p e r
c o n c e n t r a t i o n  w a s  l o w e r  i n  CIN t h a n  i n  c e r v i c a l  c a n c e r  a n d  t h e  
c o n c e n t r a t i o n  i n  CIN w a s  c o m p a r a b l e  t o  t h a t  i n  b o t h  g r o u p s  o f  
c o n t r o l s .  S e r u m  c o p p e r  c o n c e n t r a t i o n  i n c r e a s e d  a s  t h e  s t a g e  o f  
d i s e a s e  i n c r e a s e d  a n d  t h e  d i f f e r e n c e s  b e t w e e n  CIN a n d  s t a g e  I I ,  CIN 
a n d  s t a g e  1 1 1 ,  a n d  s t a g e  I  a n d  s t a g e  I I I  w e r e  s t a t i s t i c a l l y  
s i g n i f i c a n t .  M o r e o v e r  t h e  se ru m  c o p p e r  c o n c e n t r a t i o n  d e c r e a s e d  d u r i n g  
t h e r a p y  and t o w a r d s  t h e  end o f  t h e r a p y  th e  se ru m  c o p p e r  c o n c e n t r a t i o n  
n o r m a l i s e d .  E l e v a t e d  se ru m  o r  p l a s m a  c o p p e r  l e v e l s  h a v e  b e e n  f o u n d  i n  
a w i d e  range  o f  m a l i g n a n t  d i s e a s e s  i n c l u d i n g  b r o n c h o g e n i c  c a r c i n o m a ,  
s q u a m o u s  c e l l  c a r c i n o m a  o f  t h e  l a r y n x ,  c e r v i c a l  a n d  o t h e r  
g y n a e c o l o g i c a l  c a n c e r ,  b l a d d e r  and b r e a s t  c a n c e r  ( S c h w a r t z ,  197 5 ) .  In 
m a l i g n a n t  l y m p h o m a ,  t h e  r a i s e d  s e r u m  c o p p e r  l e v e l s  w e r e  r e l a t e d  t o  
d i s e a s e  a c t i v i t y .  L e v e l s  w e r e  h i g h  i n  p a t i e n t s  b e f o r e  t r e a t m e n t  and 
w e r e  r e d u c e d  when t h i s  was s u c c e s s f u l ,  b e c o m i n g  n o r m a l  on r e m i s s i o n .  
Serum c o p p e r  l e v e l s  w e r e  h i g h e r  i n  p a t i e n t s  w i t h  g e n e r a l i s e d  d i s e a s e  
c o m p a r e d  t o  t h o s e  w i t h  l o c a l i s e d  d i s e a s e .  I n u t s u k a  and A r a k i  ( 1 9 7 8 )  
m e a s u r e d  p l a s m a  c o p p e r  l e v e l s  i n  p a t i e n t s  w i t h  g a s t o i n t e s t i n a l  c a n c e r  
a n d  r e l a t e d  t h e m  t o  z i n c  l e v e l s .  C o p p e r  c o n c e n t r a t i o n  w a s  e l e v a t e d  
a n d  z i n c  c o n c e n t r a t i o n  d e p r e s s e d ,  r e s u l t i n g  i n  a h i g h  c o p p e r i z i n c  
r a t i o .  The  h i g h e s t  r a t i o s  w e r e  o b s e r v e d  i n  p a t i e n t s  w i t h  l i v e r  
m e t a s t a s e s  a n d  t h e r e  w a s  a n  i n c r e a s e  i n  t h e  c o p p e r : z i n c  r a t i o  w i t h  
a d v a n c e m e n t  o f  t h e  d i s e a s e .  Thus ,  i t  w o u l d  a p p e a r  t h a t  s e r u m  c o p p e r  
c o n c e n t r a t i o n s  a r e  e l e v a t e d  a s  a g e n e r a l i s e d  e f f e c t  o f  m a l i g n a n c y ,  t h e  
e x t e n t  o f  t h e  e l e v a t i o n  r e f l e c t i n g  t h e  s t a g e  o f  t h e  d i s e a s e .  I n  t h e  
p r e s e n t  s t u d y ,  s e r u m  c o p p e r  c o n c e n t r a t i o n  i n  e n d o m e t r i a l  c a n c e r  
p a t i e n t s  was s i m i l a r  t o  b o t h  g r o u p s  o f  c o n t r o l s  and  p a t i e n t s  w i t h  CIN. 
T h i s  s u g g e s t s  t h a t  t h e  e a r l y  t u m o u r s  i n  t h e s e  p a t i e n t s  had  l i t t l e  
i m p a c t  on t h e i r  g e n e r a l  m e t a b o l i s m .
I n  a d d i t i o n  t o  l o w e r  c o n c e n t r a t i o n s  o f  r e t i n o l  i n  t h e  s e r u m  o f  
c e r v i c a l  c a n c e r  p a t i e n t s ,  se rum c a r o t e n o i d s ,  RBP and PA c o n c e n t r a t i o n s  
w e r e  a l l  l o w e r  t h a n  i n  b o t h  c o n t r o l  g r o u p s  a n d  p a t i e n t s  w i t h  CIN.  
F u r t h e r m o r e ,  t h e  dow nw ard  t r e n d  o b s e r v e d  f o r  r e t i n o l  i n  p a t i e n t s  w i t h  
m o r e  a d v a n c e d  s t a g e s  o f  t h e  d i s e a s e  w a s  a l s o  o b s e r v e d  f o r  t h e s e  
p a r a m e t e r s .  S e r u m  c a r o t e n o i d s  w e r e  l o w e r  i n  e n d o m e t r i a l  c a n c e r  
p a t i e n t s  th an  i n  b o t n  g r o u p s  o f  c o n t r o l s .  The m ost  marked d i f f e r e n c e s  
w e r e  b e t w e e n  s e r u m  c a r o t e n o i d s  i n  c e r v i c a l  c a n c e r  p a t i e n t s  a n d  
v o l u n t e e r s  w h e r e  t h e  c o n c e n t r a t i o n  w a s  a l m o s t  d o u b l e  i n  t h e  l a t t e r .  
Serum c a r o t e n o i d  c o n c e n t r a t i o n  was a l s o  h i g h e r  i n  v o l u n t e e r s  t han  NMG, 
and t h e  d i f f e r e n c e  was s t a t i s t i c a l l y  s i g n i f i c a n t .  F u r t h e r m o r e ,  se ru m  
r e t i n o l  w a s  s i g n i f i c a n t l y  h i g h e r  i n  v o l u n t e e r s  t h a n  NMG. H o w e v e r ,  
s e r u m  RBP w a s  r e m a r k a b l y  s i m i l a r  i n  t h e  t w o  g r o u p s .  T h u s ,  i t  w o u l d  
a p p e a r  t h a t  s o m e t h i n g  h a d  i n t e r f e r e d  w i t h  t h e  m e a s u r e m e n t  o f  s e r u m  
r e t i n o l .  The  f l u o r i m e t r i c  m e t h o d  e m p l o y e d  i n  t h i s  s t u d y  h a s  b e e n  
c r i t i c i s e d  b e c a u s e  o f  i n t e r f e r e n c e  f r o m  c a r o t e n o i d s ,  p a r t i c u l a r l y  
p h y t o f l u e n e  ( T h o m p s o n ,  1 9 8 3 ) .  The  a u t h o r s  o f  t h e  m e t h o d  u s e d  s t a t e  
t h a t  s i m p l e  f l u o r i m e t r y  f o r  v i t a m i n  A i s  n o t  s u b j e c t  t o  i n t e r f e r e n c e  
f r o m  c a r o t e n e  o r  o t h e r  p h y s i o l o g i c  f l u o r e s c e n t  m a t e r i a l s  (H ansen and 
W a r w i c k ,  1959) .  In  t h e  p r e s e n t  s t u d y  we e m p l o y e d  t h e  m o d i f i c a t i o n  o f  
Van S t e v e n i n c k  a n d  De G o e i j  ( 1 9 7 3 )  w h i c h  a i m s  t o  o v e r c o m e  t h e  
i n t e r f e r e n c e  f r o m  c a r o t e n o i d s .  I t  i s  a p p a r e n t  f r o m  t h e  p r e s e n t  
r e s u l t s  t h a t  t h i s  i s  n o t  t h e  c a s e .  F u r t h e r  s u p p o r t  f o r  t h e  
i n t e r f e r e n c e  by c a r o t e n o i d s  i n  t h i s  a s s a y  i s  p r o v i d e d  by c o n s i d e r i n g  
t h e  r e l a t i o n s h i p  b e t w e e n  r e t i n o l  a n d  RBP. I n  t h e  t o t a l  s t u d y  
p o p u l a t i o n  se rum r e t i n o l  was h i g h l y  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  RBP, 
c o n f i r m i n g  t h a t  t n e  m e t h o d  d o e s  a t  l e a s t  i n  p a r t  m e a s u r e  s e r u m  
r e t i n o l .  H o w ev er ,  w e a k e r  c o r r e l a t i o n s  w e r e  o b s e r v e d  i n  NMG and th e
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v o l u n t e e r s ,  t h e  g r o u p s  w i t h  t h e  h i g h e s t  s e r u m  c a r o t e n o i d  
c o n c e n t r a t i o n s .  F u r t h e r m o r e ,  t h e r e  w e r e  a n u m b e r  o f  o u t l i e r s ,  
p a r t i c u l a r l y  i n  t h e  v o l u n t e e r s ,  w i t h  d i s p r o p o r t i o n a t e l y  h i g h  s e r u m  
r e t i n o l  c o n c e n t r a t i o n s :  t h e s e  i n d i v i d u a l s  a l s o  h a d  h i g h  s e r u m
c a r o t e n o i d  l e v e l s .
Thus ,  t n e  m e t h o d  u s e d  i n  t h i s  s t u d y  f o r  m e a s u r i n g  se ru m  r e t i n o l  
has  s e r i o u s  l i m i t a t i o n s .  The d i f f e r e n c e s  i n  s e r u m  r e t i n o l  o b s e r v e d  
b e t w e e n  t h e  v a r i o u s  g r o u p s  a r e  t h e r e f o r e  o p e n  t o  q u e s t i o n .  H o w ever ,  
s u p p o r t  f o r  t h e  r e s u l t s  b e i n g  q u a l i t a t i v e l y  i f  n o t  q u a n t i t a t i v e l y  
c o r r e c t  i s  p r o v i d e d  b y  e x a m i n i n g  t h e  r e s u l t s  f o r  RBP.  RBP 
c o n c e n t r a t i o n  was  r e m a r k a b l y  s i m i l a r  i n  b o t h  g r o u p s  o f  c o n t r o l s  and 
t h e s e  i n  t u r n  w e r e  s i m i l a r  t o  t h e  l e v e l s  o b s e r v e d  i n  CIN a n d  
e n d o m e t r i a l  c a n c e r .  S e r u m  RBP l e v e l s  w e r e  s i g n i f i c a n t l y  l o w e r  i n  
c e r v i c a l  c a n c e r  t h a n  i n  t h e  o t h e r  g r o u p s .  The  l o w e s t  l e v e l s  w e r e  
o b s e r v e d  i n  p a t i e n t s  w i t h  t h e  m o s t  a d v a n c e d  d i s e a s e .  Thu s ,  w i t h  t h e  
e x c e p t i o n  o f  se rum  r e t i n o l  i n  v o l u n t e e r s ,  t h e  d i f f e r e n c e s  w e r e  i n  t h e  
same d i r e c t i o n  f o r  b o t h  se rum  r e t i n o l  and  RBP.
D i e t a r y  I n t a k e .
R e d u c t i o n  i n  s e r u m  c o n c e n t r a t i o n s  o f  r e t i n o l  may o c c u r  a s  a 
c o n s e q u e n c e  o f  m a l a b s o r p t i o n ,  d i e t a r y  v i t a m i n  A d e f i c i e n c y ,  o r  l o w  
m o b i l i s a t i o n  f r o m  l i v e r  s t o r e s .  M a l a b s o r p t i o n ,  w h i l e  o c c u r i n g  i n  
p a t i e n t s  w i t h  t u m o u r s  o f  t h e  g a s t r o i n t e s t i n a l  t r a c t  o r  a s  a 
c o n s e q u e n c e  o f  t h e r a p y ,  r a r e l y  o c c u r s  i n  o t h e r  c a n c e r s .  P a t i e n t s  who 
h a d  s t a r t e d  t r e a t m e n t  w e r e  e x c l u d e d  f r o m  t h e  p r e s e n t  s t u d y .  
T h e r e f o r e ,  i t  s ee m s u n l i k e l y  t h a t  m a l a b s o r p t i o n  was  r e s p o n s i b l e  f o r  
th e  l o w e r  l e v e l s  s e e n  i n  a d v a n c e d  d i s e a s e .  F u r t h e r m o r e ,  l o n g s t a n d i n g  
m a l a b s o r p t i o n  w o u l d  be r e q u i r e d  t o  have  any i m p a c t  on  se rum  r e t i n o l  a s  
l i v e r  r e s e r v e s  i n  t h e  a d u l t  a r e  s u b s t a n t i a l  ( H u q u e ,  1 9 8 2 ) .  D i e t a r y
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v i t a m i n  A d e f i c i e n c y  i n  t h e  UK i s  r a r e  a n d  t h e  a v e r a g e  h o u s e h o l d  
c o n s u m p t i o n  i s  w e l l  a b o v e  t h e  RDA ( M . A . F . F . ,  1 9 8 3 ) .  We i n v e s t i g a t e d  
u i e t a r y  v i t a m i n  A i n t a k e  u s i n g  a s e m i  q u a n t i t a t i v e  f o o d  f r e q u e n c y  
q u e s t i o n n a i r e .  The  r e s u l t s  p r o v i d e d  n o  e v i d e n c e  o f  v i t a m i n  A 
d e f i c i e n c y  i n  t h e  s t u d y  p o p u l a t i o n .
Mean e s t i m a t e d  d i e t a r y  r e t i n o l  i n t a k e  was  s i m i l a r  i n  c e r v i c a l  and  
e n d o m e t r i a l  c a n c e r ,  CIN and NMC p a t i e n t s  and was l o w e r  i n  v o l u n t e e r s .  
The  d i f f e r e n c e  b e t w e e n  v o l u n t e e r s  a n d  NMG r e a c h e d  s t a t i s t i c a l  
s i g n i f i c a n c e .  E s t i m a t e d  b e t a  c a r o t e n e  i n t a k e  o f  v o l u n t e e r s  was h i g h e r  
t h a n  i n  t h e  o t h e r  g r o u p s  a n d  t h e  d i f f e r e n c e  w a s  s t a t i s t i c a l l y  
s i g n i f i c a n t  i n  c e r v i c a l  and e n d o m e t r i a l  c a n c e r  p a t i e n t s .  Mean t o t a l  
r e t i n o l  i n t a k e  ( r e t i n o l  e q u i v a l e n t s )  w a s ,  h o w e v e r ,  s i m i l a r  i n  a l l  t h e  
g r o u p s .
D i e t a r y  s t u d i e s  n e e d  t o  b e  b o t h  r e l i a b l e  a nd  v a l i d  t o  b e  o f  
v a l u e .  The r e l i a b i l i t y  o f  q u e s t i o n n a i r e  m e t h o d s  ha s  b e e n  a s s e s s e d  by 
a  n u m b e r  o f  w o r k e r s  ( G r a h a m ,  1 9 8 0 ) .  T he  r e l i a b i l i t y  o f  t h e  m e t h o d  
u s e d  was a s s e s s e d  by r e - t e s t i n g  a  s m a l l  g r o u p  o f  s t u d e n t  v o l u n t e e r s .  
E s t i m a t e s  o f  d i e t a r y  p r e f o r m e d  r e t i n o l ,  t o t a l  r e t i n o l  a n d  c a r o t e n e  
w e r e  h i g h l y  c o r r e l a t e d  o n  t h e  t w o  o c c a s s i o n s .  Thus t h e  m et ho d  w o u l d  
a p p e a r  t o  be r e l i a b l e .  We a l s o  a t t e m p t e d  t o  g a i n  i n f o r m a t i o n  on  t h e  
r e l i a b i l i t y  o f  t h e  i n d i v i d u a l s '  a n s w e r s  by a s k i n g  a b o u t  c o n s u m p t i o n  o f  
f o o d  i t e m s  m o r e  t h a n  o n c e  o n  t h e  q u e s t i o n n a i r e .  I n d i v i d u a l s  w e r e  
a s k e d  t o  e s t i m a t e  t h e  f r e q u e n c y  t h e y  u s e d  c h e e s e  a n d  t h e i r  u s u a l  
p o r t i o n  s i z e ,  and a l s o  t o  e s t i m a t e  i n  o u n c e s  how much c h e e s e  t h e y  u se d  
i n  a week .  I t  b eca me  a p p a r e n t  t h a t  many i n d i v i d u a l s  w e r e  u n a b l e  t o  do 
t n e  l a t t e r .  The  q u e s t i o n  w a s  t h e r e f o r e  a b a n d o n e d .  A s e c o n d  c r u d e  
i n d e x  o f  i n t e r n a l  c o n s i s t e n c y  w a s  p r o v i d e d  by a n s w e r s  on  e g g  
c o n s u m p t i o n .  I n d i v i d u a l s  w e r e  a s k e d  t h e i r  f r e q u e n c y  o f  e g g
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c o n s u m p t i o n  a n d  a l s o  how many e g g s  t h e y  a t e  i n  a w e e k .  One  w o u l d  
e x p e c t  t h e  l a t t e r  a n s w e r  t o  b e  t h e  s a m e  o r  l a r g e r  t h a n  t h e  f o r m e r .  
P e a r s o n ' s  c o r r e l a t i o n s  b e t w e e n  t h e  t w o  e s t i m a t e s  w e r e  h i g h l y  
p o s i t i v e l y  s t a t i s t i c a l l y  s i g n i f i c a n t  and t h e  s e c o n d  a n s w e r  t e n d e d  t o  
b e  e q u a l  o r  s l i g h t l y  h i g h e r  t h a n  t h e  f i r s t  ( f i g u r e  3 8 ) .  T here  w e r e  a 
number o f  a n o m a l i e s ,  f o r  e x a m p l e  o n e  i n d i v i d u a l  r e p o r t e d  e a t i n g  e g g s  
o n c e  a week bu t  r e p o r t e d  e a t i n g  t w e l v e  e g g s / w e e k :  t h i s  s e e m s  u n l i k e l y .  
T h u s ,  a l t h o u g h  m o s t  r e s p o n s e s  o n  a g i v e n  d a y  may b e  r e l i a b l e ,  s o m e  
i n d i v i d u a l s  a n s w e r s  a r e  l i k e l y  t o  be  u n r e l i a b l e .
I n f o r m a t i o n  o n  t h e  v a l i d i t y  o f  d i e t a r y  s t u d i e s  i s  more  d i f f i c u l t  
t o  o b t a i n .  A v a l i d  m e t h o d  i s  o n e  t h a t  m e a s u r e s  w h a t  i t  p u r p o r t s  t o  
m e a s u r e .  A p r e r e q u i s i t  f o r  t e s t i n g  t h i s ,  i s  a m e t h o d  o f  k n o w n  
v a l i d i t y .  A w e e k s  w e i g h e d  i n t a k e ,  a m e t h o d  c o m m o n l y  u s e d  t o  a s s e s s  
t h e  v a l i d i t y  o f  d i e t a r y  q u e s t i o n n a i r e s  d o e s  n o t  p r o v i d e  a v a l i d  
m e a s u r e  o f  d i e t a r y  v i t a m i n  A i n t a k e  ( B l a c k ,  1 9 8 1 ) .  A c r u d e  i n d e x  o f  
t h e  v a l i d i t y  o f  t h e  r e s u l t s  c a n  b e  o b t a i n e d  f r o m  c o m p a r i s o n  o f  o u r  
r e s u l t s  w i t h  t h o s e  o b t a i n e d  i n  t h e  N a t i o n a l  F o o d  S u r v e y  (NFS). Mean 
d i e t a r y  p r e f o r m e d  r e t i n o l ,  t o t a l  r e t i n o l  and b e t a  c a r o t e n e  i n t a k e  o f  
t h e  s t u d y  p o p u l a t i o n  w e r e  1 5 3 0 ,  2 2 4 0  a n d  4 2 7 0 p g / d a y  r e s p e c t i v e l y .  
T h i s  i s  h i g h e r  t h a n  t h e  a v e r a g e  i n t a k e  o f  t h e  g e n e r a l  p o p u l a t i o n :  mean 
v a l u e s  f r o m  t h e  NFS a r e  9 6 0 ,  1 4 9 4  a n d  2 3 2 0  j u g / d a y  r e s p e c t i v e l y
(M . A . F . F . ,  1 9 8 3 ) .  P a r t  o f  t h e  r e a s o n  f o r  h i g h e r  l e v e l s  i n  o u r  s t u d y  
i s  t h a t  v i t a m i n  s u p p l e m e n t s  a r e  n o t  i n c l u d e d  i n  t h e  N a t i o n a l  H o u s e h o l d  
S u r v e y .  T h i s ,  h o w e v e r ,  w o u l d  o n l y  a c c o u n t  f o r  p a r t  o f  t h e  d i f f e r e n c e .  
A f u r t h e r  s o u r c e  o f  d i f f e r e n c e  i s  t h e  v a r i a t i o n  i n  d i e t a r y  i n t a k e  w i t h  
ag e  o f  h o u s e w i f e .  Few o f  t h e  women i n  o u r  s t u d y  w e r e  a g e d  l e s s  t han  35 
(21%).  Mean v i t a m i n  A i n t a k e  v a r i e s  w i t h  th e  age  o f  h o u s e w i f e ,  b e i n g  
l o w e s t  i n  t h e  y o u n g  a n d  r e a c h i n g  a p e a k  i n  t h e  m i d  5 0 ' s  t o  l a t e  6 0 ' s .
Mean  v a l u e s  f o r  h o u s e w i v e s  a g e d  o v e r  34  w e r e  1 0 8 0 ,  1 4 9 4  a n d  2 4 7 0  
(M.A.F.F., 1983).
j i g / d a y  A In s t u d i e s  w i t h  a r e l a t i v e l y  s m a l l  s a m p l e  s i z e  s u c h  a s  t h i s ,  
t h e  mean v a l u e  i s  e a s i l y  d i s t o r t e d  by a s m a l l  number  o f  h i g h  v a l u e s .  
M e d i a n  v a l u e s  may t h e r e f o r e  b e  m o r e  u s e f u l l .  M e d i a n  i n t a k e s  o f  
r e t i n o l ,  b e t a  c a r o t e n e  and t o t a l  r e t i n o l  e q u i v a l e n t s  w e r e  11 9 0 ,  3 2 9 0  
a n d  I 9 6 0  pg  r e s p e c t i v e l y .  T hu s  t h e  v a l u e  we  o b t a i n e d  f o r  p r e f o r m e d  
r e t i n o l  was o f  t h e  same m a g n i t u d e  a s  t h e  NFS, b u t  m e d i a n  b e t a  c a r o t e n e  
a n d  h e n c e  r e t i n o l  e q u i v a l e n t s  w e r e  h i g h e r  t h a n  i n  t h e  NFS. I t  i s  
l i k e l y  t h a t  t h e  p r e s e n t  m et hod  o v e r  e s t i m a t e d  b e t a  c a r o t e n e  and h e n c e  
t o t a l  v i t a m i n  A i n t a k e .  H o w e v e r ,  a s  t h e  m e t h o d  w a s  e m p l o y e d  i n  b o t h  
p a t i e n t s  and c o n t r o l s  r a n d o m  e r r o r  s h o u l d  n o t  i n t r o d u c e  s p u r i o u s  
d i f f e r e n c e s .
E s t i m a t e d  c o n s u m p t i o n  o f  v i t a m i n  A w a s  c o n s i d e r e d  b y  s t a g e  o f  
c e r v i c a l  c a n c e r .  U n l i k e  s e r u m  c o n c e n t r a t i o n s  o f  r e t i n o l ,  RBP a n d  
c a r o t e n o i d s ,  a d o w n w a i d  t r e n d  i n  d i e t a r y  r e t i n o l  e q u i v a l e n t  and b e t a  
c a r o t e n e  i n t a k e  w a s  n o t  o b s e r v e d .  T h u s ,  t h e  l o w e r  l e v e l s  o f  s e r u m  
r e t i n o l  and c a r o t e n o i d s  d i d  n o t  r e s u l t  f r o m  d i e t a r y  d e f i c i e n c y .  The 
l a c k  o f  r e l a t i o n s h i p  b e t w e e n  s e r u m  a n d  d i e t a r y  r e t i n o l  w a s  n o t  a n  
u n e x p e c t e d  f i n d i n g  a s  e v e n  i n  p r o l o n g e d  d i e t a r y  d e f i c i e n c y  s e r u m  
r e t i n o l  l e v e l s  a r e  m a i n t a i n e d  u n t i l  l i v e r  l e v e l s  a r e  a l m o s t  e x h a u s t e d  
(Hume and K r e b s ,  194 9 ) .  F u r t h e r m o r e  s u p p l e m e n t a t i o n  w i t h  v i t a m i n  A i n  
n o r m a l  i n d i v i d u a l s  d o e s  n o t  r e s u l t  i n  i n c r e a s e d  s e r u m  l e v e l s  ( W i l l e t t  
e t  a l . ,  1983) .  I n  c o n t r a s t ,  s e ru m  c a r o t e n o i d s  u s u a l l y  c l o s e l y  r e f l e c t  
d i e t a r y  c a r o t e n o i d  i n t a k e .  Thus ,  l o w  d i e t a r y  i n t a k e  u s u a l l y  r e s u l t s  
i n  l o w  s e r u m  l e v e l s  a n d  h i g h  i n t a k e  i n  h i g h  s e r u m  l e v e l s .  H o w e v e r ,  
t h e  r e l a t i o n s h i p  b e t w e e n  d i e t a r y  i n t a k e  and se ru m l e v e l s  i s  c o m p l e x  as  
many f a c t o r s  may i n c r e a s e  o r  d e c r e a s e  a b s o r p t i o n  ( G o o d w i n ,  1 9 8 4 ) .  
F u r t h e r m o r e ,  s e ru m  m e a s u r e m e n t s  i n c l u d e  a w i d e  r a n g e  o f  c a r o t e n o i d
p i g m e n t s  i n c l u d i n g  a l p h a  and b e t a  c a r o t e n e  and l y c o p e n e ;  d i e t a r y  d a t a  
i s  h o w e v e r ,  b a s e d  m a i n l y  o n  b e t a  c a r o t e n e  i n t a k e .  I n  t h e  p r e s e n t  
s t u d y  s e r u m  c a r o t e n o i d s  w e r e  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  d i e t a r y  
b e t a  c a r o t e n e  i n  t h e  t o t a l  s t u d y  p o p u l a t i o n .  H o w e v e r ,  i n  t h e  
i n d i v i d u a l  g r o u p s  se ru m c a r o t e n o i d s  w e r e  o n l y  c o r r e l a t e d  w i t h  d i e t a r y  
c a r o t e n o i d s  i n  v o l u n t e e r s  a n d  CIN.  P a t i e n t s  w i t h  a d v a n c e d  c e r v i c a l  
c a n c e r  had l o w  se rum c a r o t e n o i d  c o n c e n t r a t i o n s  b u t  d i d  n o t  r e p o r t  l o w  
d i e t a r y  i n t a k e  o f  b e t a  c a r o t e n e .  H o w e v e r ,  t h e  p a t i e n t s  w e r e  a s k e d  t o  
r e p o r t  t h e i r  u s u a l  c o n s u m p t i o n  and a number o f  t h e  p a t i e n t s  e x h i b i t e d  
l o s s  o f  a p p e t i t e  a n d  w e i g h t  l o s s .  Thus  i t  i s  p o s s i b l e  t h a t  t h e i r  
s e r u m  v a l u e s  r e f l e c t e d  t h e i r  r e c e n t  i n t a k e  r a t h e r  t h a n  t h e i r  u s u a l  
i n t a k e .  A l t e r n a t i v e l y ,  r e l e a s e  o f  i n g e s t e d  c a r o t e n e  f r o m  t h e  l i v e r  
may be i m p a i r e d .  T h o s e  c a r o t e n o i d s  t h a t  a r e  a b s o r b e d  u nch a n g e d  a r e  
t r a n s p o r t e d  t o  t h e  l i v e r  i n  c h y l o m i c r o n s  w h e r e  t h e y  a r e  t a k e n  up and 
r e l e a s e d  i n  l o w  d e n s i t y  l i p o p r o t e i n s  (L D L ) .  A l t e r e d  r a t e s  o f  
s y n t h e s i s  o f  LDL m ay  r e s u l t  i n  l o w e r  c i r c u l a t i n g  c a r o t e n o i d  
c o n c e n t r a t i o n s .
Our r e s u l t s  f o r  d i e t a r y  i n t a k e  o f  r e t i n o l  and  c a r o t e n o i d s  a r e  i n  
c o n t r a s t  t o  t h o s e  o f  Romney e t  a l .  ( 1 9 8 1 ) .  They  c o l l e c t e d  i n f o r m a t i o n  
on  f o o d  c o n s u m p t i o n  i n  p a t i e n t s  w i t h  a b n o r m a l  P a p a n i c o l a o u  s m e a r s  and 
c o n t r o l s  who had n o r m a l  s m e a r s .  Foo d  c o n s u m p t i o n  was d e t e r m i n e d  by  24 
h o u r  r e c a l l  a nd  t h r e e  d a y  f o o d  r e c o r d s  w h i c h  i n c l u d e d  t w o  w e e k d a y s .  
The c o m p u t e r  a n a l y s i s  o f  t h r e e  day f o o d  r e c o r d s  f a i l e d  t o  i d e n t i f y  an y  
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  d i e t a r y  v i t a m i n  A i n t a k e  i n  
t h e  o v e r a l l  s t u d y  o r  i n  m a t c h e d  c a s e s  o r  c o n t r o l s .  The  mea n i n t a k e  
f o r  t h e  s t u d y  g r o u p  w a s  1 1 8 2  c o m p a r e d  t o  1 3 8 4  j u g / d a y  i n  c o n t r o l s .  A 
n u m b e r  o f  t h e  c a s e s  w h e n  e x a m i n e d  b y  c o l p o s c o p y  h ad  n o  s i g n i f i c a n t  
a b n o r m a l i t y  o r  had  c h r o n i c  c e r v i c i t i s .  When c a s e s  w i t h  s e v e r e
d y s p l a s i a  a n d  c a r c i n o m a  i n  s i t u  ( C I N )  w e r e  c o n s i d e r e d  t o g e t h e r  a n d  
t h e i r  r e s u l t s  c o m p a r e d  t o  t h e  m ed i a n  v i t a m i n  A v a l u e  c a l c u l a t e d  f o r  
t h e  e n t i r e  c a s e  a n d  c o n t r o l  p o p u l a t i o n  o d d s  r a t i o ,  a n d  c h i - s q u a r e  
c a l c u l a t i o n s  s h o w e d  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  d i e t a r y  
v i t a m i n s  A and C and b e t a  c a r o t e n e .  The r i s k  o f  CIN wa s  g r e a t e s t  f o r  
v i t a m i n  C ( o d d s  r a t i o  4 . 3 5  f o r  i n t a k e  o f  l e s s  t h a n  8 8  m g / d a y )  a n d  
l o w e s t  f o r  v i t a m i n  A ( o d d s  r a t i o  2 . 7 6  f o r  i n t a k e  b e l o w  3 4 5 0  I U ) ,  
h o w e v e r ,  t h e  r e s u l t s  m u s t  b e  i n t e r p r e t e d  w i t h  c a u t i o n  a s  t h e y  w e r e  
ba se d  on  t h r e e  day f o o d  r e c o r d .  A l t h o u g h  t h e  i n f o r m a t i o n  c o l l e c t e d  i n  
t h i s  w a y  i s  l i k e l y  t o  r e f l e c t  m o r e  a c u r a t e l y  a n  i n d i v i d u a l ' s  f o o d  
i n t a k e  d u r i n g  t h o s e  t n r e e  d a y s  t h a n  m e t h o d s  b a s e d  o n  r e c a l l ,  i t  may 
b e a r  l i t t l e  r e l a t i o n s h i p  t o  t h e i r  o v e r a l l  i n t a k e  a s  r e t i n o l ,  b e t a  
c a r o t e n e  and v i t a m i n  C i n t a k e  may v a r y  s u b s t a n t i a l l y  f r o m  day  t o  day  
i n  a n  i n d i v i d u a l .  I n d e e d ,  b l a c k  ( 1 9 8 1 )  s t a t e s  t h a t  e v e n  s e v e n  d a y s  
w e i g h e d  i n t a k e  i s  u s e l e s s  f o r  a s s e s s i n g  v i t a m i n  A i n t a k e .  H o w e v e r ,  
t h e r e  w e r e  som e s i m i l a r i t i e s  b e t w e e n  t h e s e  r e s u l t s  and  t h o s e  o b t a i n e d  
by  M a r s h a l l  e t  a l .  ( 1 9 8 3 )  i n  c e r v i c a l  c a n c e r  p a t i e n t s .  A c r u d e  i n d e x  
o f  b e t a  c a r o t e n e  c o n s u m p t i o n  w a s  c o n s t r u c t e d  a n d  w a s  n e g a t i v e l y  
a s s o c i a t e d  w i t h  r i s k  o f  c e r v i c a l  c a n c e r .  C a s e s  r e p o r t e d  h i g h e r  
c o n s u m p t i o n  o f  21  o f  t h e  2 8  i t e m s  c o n s i d e r e d .  T h i s  e x c e s s  w a s  
p a r t i c u l a r l y  l a r g e  f o r  c r u c i f e r o u s  v e g e t a b l e s  s u c h  a s  c a b b a g e ,  
c o l e s l a w  and t u r n i p s  and a l s o  f o r  p i c k l e s ,  p o t a t o e s ,  b a c o n  and o t h e r  
p o r k .  C o n s u m p t i o n  o f  c a r r o t s  a n d  t o m a t o e s  w a s  l o w e r  i n  c a s e s ,  a n d  
c o n s u m p t i o n  o f  b r o c o l i ,  a c r u c i f e r o u s  v e g e t a b l e  t h a t  c o n t a i n s  
s u b s t a n t i a l  c a r o t e n e ,  w a s  n e g a t i v e l y  a s s o c i a t e d  w i t h  r i s k .  I t  i s  
w o r t h  n o t i n g  t h a t  t h e  i n c r e a s e d  r i s k  a s s o c i a t e d  w i t h  c o n s u m p t i o n  o f  
c r u c i f e r o u s  v e g e t a b l e s  w a s  g r e a t e r  t h a n  t h e  r e d u c t i o n  i n  r i s k  
a s s o c i a t e d  w i t h  c o n s u m p t i o n  o f  h i g h e r  c a r o t e n e .  C o n t r o l s  a l s o
r e p o r t e d  c o n s u m i n g  c h i c k e n  and l a m b  s i g n i f i c a n t l y  m o r e  f r e q u e n t l y  t h a n  
d i d  c a s e s .  A c r u d e  i n d e x  o f  f a t  c o n s u m p t i o n  was a l s o  c o n s t r u c t e d  and 
d i e t a r y  f a t  was a s s o c i a t e d  w i t h  i n c r e a s e d  r e l a t i v e  r i s k .  T here  was no  
e v i d e n c e  t h a t  v i t a m i n  C,  p r o t e i n ,  f i b r e ,  o r  t o t a l  c a l o r i e s  
s i g n i f i c a n t l y  a l t e r e d  t h e  r i s k  o f  c e r v i c a l  c a n c e r .
A l t h o u g h  t h e r e  a r e  s i m i l a r i t i e s  b e t w e e n  t h e  s t u d i e s  o f  Romney e t  
a l .  ( 1 9 8 1 )  and M a r s h a l l  e t  a l .  ( 1 9 8 3 ) ,  t h e r e  w e r e  n o t a b l e  d i f f e r e n c e s .  
R i s k  o f  c e r v i c a l  d y s p l a s i a  was h i g h e s t  w i t h  l o w e r  i n t a k e s  o f  v i t a m i n  C 
i n  t h e  f o r m e r  s t u d i e s .  H o w ev er ,  i n  t h e  l a t t e r ,  t h e r e  was no e v i d e n c e  
o f  v i t a m i n  C a l t e r i n g  t h e  r i s k  o f  c e r v i c a l  c a n c e r .  The m e t ho d  u s e d  by 
M a r s h a l l  e £  a l .  ( 1 9 8 3 )  w a s  v e r y  c r u d e  a nd  d i d  n o t  i n c l u d e  a l l  m a j o r  
s o u r c e s  o f  v i t a m i n  A a n d  C. F u r t h e r m o r e ,  n o  e s t i m a t e  o f  t h e  u s u a l  
p o r t i o n  s i z e  o f  f o o d  i t e m s  was  made. T h i s  may i n t r o d u c e  s u b s t a n t i a l  
e r r o r  a s  s m a l l  d i f f e r e n c e s  i n  p o r t i o n  s i z e  f o r  v e g e t a b l e s  s u c h  a s  
c a r r o t s  and  d a r k  g r e e n  l e a f y  v e g e t a b l e s  w o u l d  a c c o u n t  f o r  l a r g e  
d i f f e r e n c e s  i n  b e t a  c a r o t e n e  i n t a k e .  A v e r y  r e c e n t  s t u d y  i n  50  
p a t i e n t s  w i t h  CIN a nd  50 c o n t r o l s  m a t ched  f o r  a g e ,  e t h n i c  o r i g i n ,  and  
s o c i o e c o n o m i c  s t a t u s ,  c o n s u m p t i o n  o f  v i t a m i n  A w a s  n o  d i f f e r e n t  i n  
c a s e s  and c o n t r o l s ,  a s  a s s e s s e d  by 24 h our  r e c a l l  and  f o o d  f r e q u e n c y  
q u e s t i o n n a i r e  ( B e r n s t e i n  and H a r r i s ,  198 4 ) .  I t  was n o t  c l e a r  w h e t h e r  
t h e  f o o d  f r e q u e n c y  q u e s t i o n n a i r e  w a s  q u a n t i t a t i v e  o r  q u a l i t a t i v e .  
S u r p r i s i n g l y ,  i n  t h e  l i g h t  o f  r e c e n t  i n t e r e s t  i n  b e t a  c a r o t e n e ,  n o  
i n f o r m a t i o n  on  t h e  d i e t a r y  s o u r c e s  o f  t h e  v i t a m i n  A was  p r o v i d e d .  The 
a u t h o r s  a l s o  m e a s u r e d  s e r u m  r e t i n o l  and  s t a t e d  t h a t  s e r u m  r e t i n o l  was 
s i g n i f i c a n t l y  l o w e r  i n  CIN t h a n  i n  c o n t r o l s .  H o w e v e r ,  t h e  a u t h o r s  
u s e d  p=0 .1  as  t h e i r  l e v e l  o f  s i g n i f i c a n c e ,  s t a t i n g  t h a t  t h i s  was f e l t  
t o  be s i g n i f i c a n t  b e c a u s e  o f  the  s a m p l e  s i z e .  A l t h o u g h ,  t h e s e  r e s u l t s  
a r e  i n  c o n t r a s t  t o  o u r  r e s u l t s  i n  a v e r y  s m a l l  g r o u p  o f  p a t i e n t s  w i t h
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CIN, l i t t l e  v a l u e  c a n  be a t t a c h e d  t o  r e s u l t s  f r o m  a s  l a r g e  a s a m p l e  a s  
t h i s  w h e r e  t h e  p r o b a b i l i t y  o f  a d i f f e r e n c e  o c c u r i n g  b y  c h a n c e  i s  a s  
h i g h  a s  1 i n  1 0 .  F u r t h e r m o r e ,  n o  a t t e m p t  w a s  made  t o  m a t c h  t h e s e  
y o u n g  ( 1 7 - 3 5  y e a r s  o f  a g e ) ,  s e x u a l l y  a c t i v e  w o m e n  f o r  o r a l  
c o n t r a c e p t i v e  u s e ,  a f a c t o r  k n o w n  t o  c a u s e  s u b s t a n t i a l  i n c r e a s e s  i n  
se rum r e t i n o l .
P a t t e r n  o f  Fo od  C o n s u m p t i o n .
In  t h e  p r e s e n t  s t u d y  we c o n s i d e r e d  t h e  p a t t e r n  o f  c o n s u m p t i o n  o f  
i n d i v i d u a l  f o o d  i t e m s  i n  a d d i t i o n  t o  e s t i m a t e s  o f  v i t a m i n  A i n t a k e .  
B o t h  s a l a d  a n d  o r a n g e  c o n s u m p t i o n  o f  v o l u n t e e r s  w a s  s i g n i f i c a n t l y  
h i g h e r  t h a n  NMG, c e r v i c a l  o r  e n d o m e t r i a l  c a n c e r  p a t i e n t s .  A p p l e  
c o n s u m p t i o n  w a s  a l s o  l o w e r  i n  c e r v i c a l  c a n c e r  a n d  NMG t h a n  i n  
v o l u n t e e r s .  S i g n i f i c a n t l y  f e w e r  c e r v i c a l  a n d  e n d o m e t r i a l  c a n c e r  
p a t i e n t s  d r a n k  f r u i t  j u i c e .  Low m i l k  and c a r r o t  c o n s u m p t i o n  hav e  b e e n  
l i n k e d  w i t h  i n c r e a s e d  r i s k  o f  v a r i o u s  c a n c e r s  a n d  M a r s h a l l  e t  a l .  
( 1 9 8 3 )  f o u n d  t h a t  c a r r o t  and  t o m a t o  c o n s u m p t i o n  w e r e  a s s o c i a t e d  w i t h  
r i s k  o f  c e r v i c a l  c a n c e r .  We d i d  n o t  f i n d  l o w e r  c o n s u m p t i o n  o f  t h e s e  
i t e m s  i n  c e r v i c a l  c a n c e r  p a t i e n t s  when c o m p a r e d  t o  NMG c o n t r o l s .  Mean 
m i l k  c o n s u m p t i o n  was  r e m a r k a b l y  s i m i l a r  i n  c e r v i c a l  c a n c e r  and NMG and 
was h i g h e r  th a n  b o t h  e n d o m e t r i a l  c a n c e r  and v o l u n t e e r s ;  t h e  p a t t e r n  o f  
c o n s u m p t i o n  i n  t h e  g r o u p s  was s i m i l a r .  Mean t o m a t o  c o n s u m p t i o n  was 
h i g h e r  i n  c e r v i c a l  c a n c e r  t h a n  i n  e n d o m e t r i a l  c a n c e r  o r  NMG b u t  w a s  
l o w e r  t h a n  v o l u n t e e r s ;  t h e  p a t t e r n  o f  c o n s u m p t i o n  w a s  n o t  
s i g n i f i c a n t l y  d i f f e r e n t .  V a r i a t i o n  i n  t h e  mean c o n s u m p t i o n  o f  c a r r o t s  
b e t w e e n  t h e  g r o u p s  was s i r a i a l a r  t o  t h a t  o b s e r v e d  f o r  t o m a t o e s .
M a r s h a l l  e £  a l  ( 1 9 8 3 )  f o u n d  h i g h e r  f a t  c o n s u m p t i o n  i n  c e r v i c a l  
c a n c e r  p a t i e n t s .  Many o f  t h e  s o u r c e s  o f  r e t i n o l  i n  t h e  d i e t  s u c h  a s  
d a i r y  p r o d u c e  a r e  h i g h  i n  f a t .  I n  t h e  p r e s e n t  s t u d y ,  t h e
141
q u e s t i o n n a i r e  i n c l u d e d  q u e s t i o n s  on  t h e  f r e q u e n c y  o f  f r y i n g  f o o d ,  and  
q u a n t i t a t i v e  d a t a  o n  c a k e  a n d  p a s t r y  c o n s u m p t i o n  w a s  c o l l e c t e d .  
I n f o r m a t i o n  on  t h e  f r e q u e n c y  o f  c o n s u m p t i o n  o f  m e a t ,  b i s c u i t s ,  n u t s ,  
c r i s p s  a n d  c h o c o l a t e  w e r e  a l s o  c o n t a i n e d  i n  t h e  q u e s t i o n n a i r e .  An 
i n d e x  o f  f a t  c o n s u m p t i o n  w a s  t h e r e f o r e ,  a l s o  c o n s t r u c t e d  f r o m  t h e  
d i e t a r y  d a t a .  The me an  f a t  i n t a k e  a n d  p a t t e r n  o f  f a t  c o n s u m p t i o n  a s  
d e t e r m i n e d  by t h i s  c r u d e  i n d e x  was s i m i l a r  i n  c a n c e r  p a t i e n t s  and NMG 
c o n t r o l s .  F a t  c o n s u m p t i o n  o f  v o l u n t e e r s  w a s ,  h o w e v e r ,  l o w e r  t h a n  i n  
t h e  o t n e r  g r o u p s .  F r e q u e n c y  o f  m e a t  c o n s u m p t i o n  w a s  a l s o  l o w e r  i n  
v o l u n t e e r s  t h a n  i n  t h e  o t h e r  g r o u p s  and t h e  d i f f e r e n c e  b e t w e e n  NMG and 
v o l u n t e e r s  was s t a t i s t i c a l l y  s i g n i f i c a n t ;  e n d o m e t r i a l  c a n c e r  p a t i e n t s  
a l s o  a t e  m e a t  l e s s  o f t e n  t h a n  NMG. T he  i n d e x  u s e d  w a s  v e r y  c r u d e  a s  
s t a n d a r d  p o r t i o n s  w e r e  u s e d  f o r  s e v e r a l  i t e m s  i n c l u d i n g  m e a t ,  and  some 
s o u r c e s  o f  d i e t a r y  f a t  w e r e  n o t  c o v e r e d  b y  t h e  q u e s t i o n n a i r e .  
F u r t h e r m o r e ,  a g i v e n  i t e m  may v a r y  s u b s t a n t i a l l y  i n  i t s  f a t  c o n t e n t .  
F o r  e x a m p l e  t h e  amoun t  o f  f a t  a n  i n d i v i d u l  o b t a i n e d  f r o m  a p o r t i o n  o f  
m e a t  w o u l d  v a r y  a c c o r d i n g  t o  how l e a n  i t  w a s ,  how much i t  was t r i m m e d  
p r i o r  t o  c o o k i n g ,  t h e  m e t ho d  o f  c o o k i n g ,  and  w h e t h e r  v i s i b l e  f a t  was 
e a t e n  o r  r e m o v e d .  Thus ,  s i m p l y  i d e n t i f y i n g  t h e  am ou nt  o f  a f o o d  e a t e n  
i s  n o t  v e r y  i n f o r m a t i v e  a b o u t  t h e  f a t  i n t a k e  o f  t h e  i n d i v i d u a l ,  
h o w e v e r ,  t h e  d i f f e r e n c e s  b e t w e e n  t h e  v o l u n t e e r s  and t h e  o t h e r  g r o u p s  
w e r e  s u b s t a n t i a l ,  a n d  t h e  n u m b e r s  wh o  r a r e l y  a t e  m e a t  w e r e  h i g h .  
T h u s ,  t h e  p a t t e r n  o f  f o o d  c o n s u m p t i o n  o f  v o l u n t e e r s  w a s  m a r k e d l y  
d i f f e r e n t  f r o m  t h e  o t h e r  i n d i v i d u a l s .  F r u i t  a n d  s a l a d  c o n s u m p t i o n  
w e r e  h i g h  and meat and f a t  c o n s u m p t i o n  w e r e  l o w .  T h i s  p a t t e r n  o f  f o o d  
c o n s u m p t i o n  more  c l o s e l y  r e f l e c t s  t h e  p a t t e r n  t h a t  i s  now c o n s i d e r e d  
d e s i r a b l e  t h a n  t h e  a v e r a g e  p a t t e r n  o f  t h e  g e n e r a l  p o p u l a t i o n  (NACNE 
R e p o r t ,  1 9 8 3 ) .  T h e s e  i n d i v i d u a l s  v o l u n t e e r e d  t o  t a k e  p a r t  i n  t h e
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s t u d y  and a l t h o u g h  t h e y  w e r e  u n a w a r e  o f  t h e  n u t r i e n t  o f  i n t e r e s t ,  w e r e  
a w a r e  t h a t  t h e  s t u d y  w a s  o n  d i e t  a n d  c a n c e r .  I t  i s  l i k e l y  t h a t  t h e y  
w e r e  i n t e r e s t e d  i n  h e a l t h  a n d  w e r e  m o r e  a w a r e  o f  w h a t  t h e y  a t e .  I f  
t h i s  w e r e  s o  t h e n  i t  i n t r o d u c e s  b i a s  i n t o  th e  r e s u l t s .  F u r t h e r m o r e ,  
an  a p p o i n t m e n t  was a r r a n g e d  w i t h  t h e  v o l u n t e e r s  f o r  t h e i r  i n t e r v i e w  s o  
i t  i s  l i k e l y  t h a t  t h e y  g a v e  c o n s i d e r a b l e  t h o u g h t  t o  t h e i r  f o o d  
c o n s u m p t i o n  p r i o r  t o  t h e  i n t e r v i e w .  T h i s  w a s  n o t  t h e  c a s e  w i t h  
i n d i v i d u a l s  i n  t h e  o t h e r  g r o u p s .  The  r e s u l t s  o b t a i n e d  i n  t h e  
v o l u n t e e r s  a r e  th e r e f o r e  l i k e l y  t o  be o f  l i m i t e d  v a l u e  f o r  c o m p a r i s o n s  
w i t h  c a n c e r  p a t i e n t s  a s  t h e y  w e r e  a h i g h l y  a w a r e  s e l f  s e l e c t e d  g r o u p .
T he  p a t t e r n  o f  f o o d  c o n s u m p t i o n  w a s  s i m i l a r  i n  NMG a n d  c a n c e r  
p a t i e n t s .  The o n l y  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  i n  f r u i t  
j u i c e  and f a t  c o n s u m p t i o n  b e t w e e n  e n d o m e t r i a l  c a n c e r  and NMG c o n t r o l s .
I t  i s  l i k e l y  t h a t  t h e  l o w e r  f r u i t  j u i c e  c o n s u m p t i o n  r e f l e c t s  a n  a g e  
d i f f e r e n c e  r a t h e r  t h a n  any t h i n g  e l s e  as  f r u i t  j u i c e  i s  a r e l a t i v e l y  
n ew  f o o d  a n d  l i k e l y  t o  b e  u s e d  l e s s  i n  o l d e r  t h a n  i n  y o u n g e r  p e o p l e .  
The  d i f f e r e n c e s  i n  f o o d  c o n s u m p t i o n  p a t t e r n s  i n  p r e v i o u s  s t u d i e s  h a ve  
b e e n  r e l a t i v e l y  s m a l l  and th e  c l a s s i f i c a t i o n  i n t o  t w o  g r o u p s  r a t h e r  
t h a n  m o r e  i n  t h e  p r e s e n t  s t u d y ,  f o r  s t a t i s i c a l  a n a l y s i s ,  may n o t  
e n a b l e  s u c h  s m a l l  d i f f e r e n c e s  t o  b e  i d e n t i f i e d .  H o w e v e r ,  
c l a s s i f i c a t i o n  i n t o  m o r e  g r o u p s  f o r  s t a t i s t i c a l  p u r p o s e s  w o u l d  h a ve  
b e e n  i n a p p r o p r i a t e  b e c e a u s e  o f  t h e  s m a l l  s a m p l e  s i z e .  I t  i s  p o s s i b l e  
t h a t  a l a r g e r  s a m p l e  w o u l d  have  i d e n t i f i e d  d i f f e r e n c e s  i n  c o n s u m p t i o n  
o f  s o m e  f o o d  i t e m s .  H o w e v e r ,  t h e  p r e s e n t  s t u d y  p r o v i d e s  l i t t l e  
e v i d e n c e  t h a t  f o o d  c o n s u m p t i o n  p a t t e r n s  a r e  d i f f e r e n t  i n  c e r v i c a l  o r  
e n d o m e t r i a l  c a n c e r  p a t i e n t s  when c o m p a r e d  t o  a p p r o p r i a t e  c o n t r o l s .
S t u d i e s  r e l a t i n g  c a n c e r  r i s k  t o  d i e t  r e l y  on  t h e  s t a b i l i t y  o f  
i n d i v i d u a l  d i e t a r y  i n t a k e .  In th e  p r e s e n t  s t u d y  p a t i e n t s  w e r e  a s k e d
a b o u t  r e c e n t  c h a n g e s  i n  t h e i r  d i e t .  A l m o s t  h a l f  t h e  p a t i e n t s  
i n t e r v i e w e d  r e p o r t e d  s o m e  c h a n g e  i n  t h e i r  d i e t  ( t a b l e  1 9 ) .  The  
c h a n g e s  r a n g e d  f r o m  " c u t t i n g  o u t  s u g a r " ,  c h a n g e s  i n  d i e t a r y  p a t t e r n s  
t o  r e d u c e  w e i g h t ,  i n c r e a s e d  c o n s u m p t i o n  o f  f o o d s  h i g h  i n  f i b r e ,  t o  
a v o i d a n c e  o f  s p e c i f i c  f o o d  i t e m s  t h a t  " u p s e t "  them.  I t  i s  d i f f i c u l t  
t o  e v a l u a t e  what  i m p a c t  c h a n g e s  o f  t h e s e  s o r t s  w o u l d  h a v e  on  n u t r i e n t  
i n t a k e  b u t  i t  i s  c l e a r  t h a t  t h e  f o o d  i n t a k e  o f  an  i n d i v i d u a l  a t  a n y  
on e  p o i n t  may n o t  r e f l e c t  h i s  i n t a k e  a t  a n o t h e r  t i m e .  T h i s  i s  a m a j o r  
p r o b l e m  i n  t n e  a s s e s s m e n t  o f  th e  r o l e  o f  d i e t a r y  c o m p o n e n t s  i n  c a n c e r  
c a u s a t i o n .  A f u r t h e r  c o m p l i c a t i o n  i s  t h e  t i m e  sp a n  t h a t  i s  i m p o r t a n t .  
I f  d i e t a r y  v i t a m i n  A a c t s  a n t i  p r o m o t i o n a l l y  t h e  a v e r a g e  i n t a k e  o v e r  
many y e a r s  may b e  a l l  t h a t  i s  n e e d e d  t o  a s s e s s  i t s  i m p o r t a n c e .  
H o w e v e r ,  i f  a n  a g e n t  a c t e d  a s  a n  a n t i  i n i t i a t o r ,  a s  h a s  b e e n  
p o s t u l a t e d  f o r  b e t a  c a r o t e n e ,  i n f o r m a t i o n  o n  t h e  f o o d  i n t a k e  a t  a 
s i n g l e  t i m e  p o i n t  many y e a r s  b a c k ,  w o u l d  be r e q u i r e d .  T h e s e  p r o b l e m s  
n e e d  t o  b e  r e s o l v e d  b e f o r e  t h e  r o l e  o f  d i e t  i n  c a n c e r  c a u s a t i o n  o r  
p r e v e n t i o n  can  be  f u l l y  e v a l u a t e d .
Mobilisation of Retinol from the Liver.
I f  t h e  l o w e r  c o n c e n t r a t i o n s  o f  r e t i n o l  i n  t h e  s e r u m  o f  c e r v i c a l  
c a n c e r  p a t i e n t s  d i d  n o t  a r i s e  as  a c o n s e q u e n c e  o f  d i e t a r y  d e f i c i e n c y  
o r  m a l a b s o r p t i o n ,  i t  w o u l d  s e e m  l i k e l y  t h a t  t h e y  a r o s e  a s  a 
c o n s e q u e n c e  o f  r e d u c e d  m o b i l i s a t i o n  f r o m  t h e  l i v e r .  I t  h a s  b e e n  
p o s t u l a t e d  t h a t  z i n c  h a s  a r o l e  i n  m o b i l i s a t i o n  o f  RBP a n d  r e t i n o l  
f r o m  t h e  l i v e r  ( S m i t h  e £  a l . , 1 9 7 7 ) .  D e p r e s s e d  s e r u m  z i n c  l e v e l s  
h a v e  b e e n  o b s e r v e d  i n  l u n g  c a n c e r  ( A t u k o r a l a  e t  a l . ,  1 9 7 9 ) .  The  l o w  
z i n c  l e v e l s  w e r e  a s s o c i a t e d  w i t h  i n c r e a s e d  se rum c o p p e r  and l o w  s er u m  
r e t i n o l  and  RBP a n d  t h e r e  w a s  a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  
b e t w e e n  s e r u m  z i n c  a nd  b o t h  r e t i n o l  a nd  RBP. I n  t h e  p r e s e n t  s t u d y
s e r u m  z i n c  w a s  r e m a r k a b l y  s i m i l a r  i n  a l l  t h e  g r o u p s  o f  i n d i v i d u a l s .  
F u r t h e r m o r e ,  t h e r e  was no  dow nw ard  t r e n d  w i t h  more  a d v a n c e d  d i s e a s e .  
Serum z i n c  was n o t  c o r r e l a t e d  w i t h  r e t i n o l ,  RBP o r  PA. Thus ,  i n  t h e s e  
p a t i e n t s  l o w  s e r u m  z i n c  w a s  n o t  r e s p o n s i b l e  f o r  t h e  l o w e r  l e v e l s  o f  
r e t i n o l  s e e n  i n  a d v a n c e d  c e r v i c a l  c a n c e r .  M e l l o w  e t  a l .  ( 1 9 8 3 )  a l s o  
m e a s u r e d  s e ru m  z i n c  and r e t i n o l  i n  p a t i e n t s  w i t h  o e s o p h a g e a l  c a n c e r .  
B o t h  s e r u m  r e t i n o l  a n d  z i n c  w e r e  l o w e r  i n  c a n c e r  p a t i e n t s  t h a n  
c o n t r o l s  b u t  s e r u m  z i n c  a n d  r e t i n o l  w e r e  n o t  c o r r e l a t e d .  T h u s ,  t h e  
l o w  se rum z i n c  o b s e r v e d  by A t u k o r a l a  ej: a l  ( 1 9 7 9 )  may n o t  be c a u s a l l y  
r e s p o n s i b l e  f o r  t h e  l o w e r  s e ru m  r e t i n o l  as  s u g g e s t e d  by t h e  a u t h o r s ,  
b u t  r e f l e c t  an  e f f e c t  o f  some o t h e r  f a c t o r  on  b o t h  s e ru m  r e t i n o l  and 
z i n c .
S e r u m  r e t i n o l  c o n c e n t r a t i o n  i s  r e d u c e d  i n  p r o t e i n  e n e r g y  
m a l n u t r i t i o n  (PEM). In  a d d i t i o n  b o t h  s e ru m  RBP and PA c o n c e n t r a t i o n s  
a r e  r e d u c e d .  M a l n u t r i t i o n  a n d  c a c h e x i a  may c o m p l i c a t e  c a n c e r ,  
p a r t i c u l a r l y  a d v a n c e d  c a n c e r  ( N i x o n  et_ a l . , 1 9 8 0 ) .  T hu s  i t  i s  
p o s s i b l e  t h a t  t h e  d i f f e r e n c e s  w e  o b s e r v e d  w e r e  a  c o n s e q u e n c e  o f  
m a l n u t r i t i o n .  When i n t e r v i e w e d ,  p a t i e n t s  w e r e  a s k e d  i f  t h e y  had  l o s t  
w e i g h t .  S e v e n  c e r v i c a l  c a n c e r  p a t i e n t s  r e p o r t e d  w e i g h t  l o s s .  T h e y  
w e r e  m a t c h e d  w i t h  i n d i v i d u a l s  w i t h  t h e  s a m e  s t a g e  o f  d i s e a s e  a n d  
s i m i l a r  a g e  wh o  h a d  n o t  l o s t  w e i g h t .  A l t h o u g h  t h e  v a l u e s  o f  s e r u m  
r e t i n o l ,  c a r o t e n o i d s  and PA w e r e  l o w e r  i n  t h e  p a t i e n t s  who  had l o s t  
w e i g h t ,  th e  d i f f e r e n c e s  w e r e  n o t  s i g n i f i c a n t .  Serum z i n c ,  c o p p e r  and 
RBP w e r e  s i m i l a r  i n  t h e  t w o  g r o u p s .  T h u s ,  l o s s  o f  w e i g h t  may h a v e  
so me  i m p a c t  on  t h e  p a r a m e t e r s  m e a s u re d  and i t  i s  p o s s i b l e  t h a t  w i t h  a 
l a r g e r  s a m p l e  s i z e  t h e  d i f f e r e n c e  w o u l d  h a v e  b e e n  s i g n i f i c a n t ,  
h o w e v e r ,  a l t h o u g h  w e i g h t  l o s s  may have  c o n t r i b u t e d  t o  t h e  l o w e r  serum 
l e v e l s ,  i t  d o e s  n o t  a c c o u n t  f o r  th e  m a j o r i t y  o f  t h e  d i f f e r e n c e .
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I n  c e r v i c a l  c a n c e r ,  c o n c e n t r a t i o n s  o f  b o t h  RBP a n d  PA w e r e  
r e d u c e d .  T h e s e  p r o t e i n s  h a v e  a s h o r t  h a l f  l i f e  and  a h i g h  c o n t e n t  o f  
t h e  e s s e n t i a l  a m i n o  a c i d ,  t r y p t o p h a n  ( I n g e n b l e e k  e t  a l . ,  1975 ) .  They 
a r e  t h e r e f o r e  s e n s i t i v e  t o  b o t h  p r o t e i n  e n e r g y  m a l n u t r i t i o n  a n d  
c h a n g e s  i n  p r o t e i n  s y n t h e s i s .  I t  ha s  b e e n  o b s e r v e d  t h a t  i n  a d v a n c e d  
c a n c e r ,  a c u t e  p h a s e  p r o t e i n s  r i s e  a n d  PA l e v e l s  f a l l  ( M i l a n o  e t  a l . , 
1976) .  Thus,  l i v e r  p r o t e i n  s y n t h e s i s  may f o l l o w  d i f f e r e n t  p a t h w a y s  i n  
c a n c e r .  D i s t u r b a n c e s  o f  p r o t e i n  m e t a b o l i s m  h a ve  b e e n  w i d e l y  r e p o r t e d  
i n  c a n c e r  ( T n e o l o g i d e s ,  1979) .  F u r t h e r m o r e ,  l i v e r  en zyme  a c t i v i t i e s  
a r e  a l t e r e d  w i t h  s o m e  b e i n g  a c t i v a t e d  a n d  o t h e r s  i n h i b i t e d .  
T h e o l o g i d i e s  ( 1 9 7 9 )  p o s t u l a t e s  t h a t  s m a l l  m o l e c u l e s  s u c h  a s  p e p t i t e d s  
and o l i g o n u c l e o t i d e s  r e l e a s e d  by  t h e  tu mo ur  t h r o w  t h e  m e t a b o l i s m  o f  
t h e  h o s t  i n t o  m e t a b o l i c  c h a o s  b y  a c t i v a t i n g  a n d  i n a c t i v a t i n g  h o s t  
e n z y m e s .
I n  c o n t r a s t  t o  c e r v i c a l  c a n c e r ,  se rum PA was  l o w e r  i n  e n d o m e t r i a l  
c a n c e r  t h a n  i n  b o t h  NMG and v o l u n t e e r s ,  t h e  l a t t e r  d i f f e r e n c e  r e a c h i n g  
s t a t i s t i c a l  s i g n i f i c a n c e ,  w h i l e  RBP c o n c e n t r a t i o n  w a s  u n a l t e r e d .  
F u r t h e r e m o r e ,  s e r u m  PA c o n c e n t r a t i o n ,  w h i l e  h i g h e r  t h a n  c e r v i c a l  
c a n c e r ,  was n o t  s i g n i f i c a n t l y  d i f f e r e n t .  Thus ,  i t  w o u l d  a p p e a r  t h a t  
t h e  t u m o u r  h a d  a s p e c i f i c  e f f e c t  o n  PA s y n t h e s i s  o r  r e l e a s e  i n  
e n d o m e t r i a l  c a n c e r .
E f f e c t  o f  A g e .
I n t e r p r e t a t i o n  o f  t h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y  a r e  
c o m p l i c a t e d  by  t h e  f a c t  t h a t  t h e  g r o u p s  w e r e  n o t  c o m p l e t e l y  a g e  
m a t c h e d .  A t t e m p t s  w e r e  made t o  r e c r u i t  c o n t r o l s  o f  s i m i l a r  a g e s  t o  
p a t i e n t s ,  b u t  p r o b l e m s  w e r e  e n c o u n t e r e d  i n  o b t a i n i n g  c o n t r o l s  o v e r  t h e  
a g e  o f  6 0 .  Many o f  t h e  c a n c e r  p a t i e n t s ,  p a r t i c u l a r l y  t h o s e  w i t h  
e n d o m e t r i a l  c a n c e r  o r  a d v a n c e d  c e r v i c a l  c a n c e r  w e r e  a g e d  o v e r  60 y e a r s
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o f  a g e .  I n d e e d ,  b o t h  t h e  c e r v i c a l  c a n c e r  a n d  e n d o m e t r i a l  c a n c e r  
g r o u p s  w e r e  s i g n i f i c a n t l y  o l d e r  t h a n  t h e  c o n t r o l s  o r  CIN a n d  t h e  
e n d o m e t r i a l  c a n c e r  p a t i e n t s  w e r e  s i g n i f i c a n t l y  o l d e r  t h a n  t h e  c e r v i c a l  
c a n c e r  p a t i e n t s .  The  r e l a t i o n s h i p  b e t w e e n  a g e  a nd  t h e  p a r a m e t e r s  
m e a s u r e d  w a s  i n v e s t i g a t e d  by  p e r f o r m i n g  P e a r s o n ' s  c o r r e l a t i o n s .  In  
t h e  t o t a l  s t u d y  p o p u l a t i o n  t h e r e  w a s  n o  c o r r e l a t i o n  b e t w e e n  a g e  a n d  
a n y  o f  t h e  p a r a m e t e r s  s t u d i e d  w i t h  t h e  e x c e p t i o n  o f  PA w h i c h  w a s  
w e a k l y  p o s i t i v e l y  c o r r e l a t e d  w i t h  a g e .  H o w e v e r ,  c o n s i d e r a t i o n  o f  th e  
t w o  c o n t r o l  g r o u p s  c o m b i n e d ,  t o  d i s s o c i a t e  t h e  e f f e c t  o f  m a l i g n a n c y  on 
t h e  p a r a m e t e r s  t h e  o n l y  r e l a t i o n s h i p  o b s e r v e d  was b e t w e e n  a g e  and RBP 
( r = 0 . 3 1 4 ,  p < 0 . 0 0 5 ) .  On t h e  b a s i s  o f  t h i s  o n e  w o u l d  e x p e c t  t h a t  RBP 
w o u l d  be h i g h e r  i n  o l d e r  t h a n  i n  y o u n g e r  c a n c e r  p a t i e n t s .  T h i s  i s  i n  
c o n t r a s t  t o  o u r  f i n d i n g s  i n  a d v a n c e d  c e r v i c a l  c a n c e r  w h i c h  s u g g e s t s  
t h a t  t h e  f i n d i n g s  o f  t h e  p r e s e n t  s t u d y  a r e  r e a l  r a t h e r  t h a n  b e i n g  a n  
a r t i f a c t .  F u r t h e r  s u p p o r t  f o r  t h i s  c o n c l u s i o n  i s  p r o v i d e d  by  
c o m p a r i n g  e n d o m e t r i a l  c a n c e r  p a t i e n t s  w i t h  s t a g e  I I I  c e r v i c a l  c a n c e r  
p a t i e n t s .  The  m ea n  a g e  o f  t h e  t w o  g r o u p s  w a s  6 4 . 1  a n d  6 3 . 3  y e a r s  
r e s p e c t i v e l y .  Serum r e t i n o l ,  RBP, PA a n d  c a r o t e n o i d  c o n c e n t r a t i o n s  
w e r e  m a r k e d l y  l o w e r  and c o p p e r  m a r k e d l y  h i g h e r  i n  a d v a n c e d  c e r v i c a l  
c a n c e r  p a t i e n t s  t h a n  e n d o m e t r i a l  c a n c e r  p a t i e n t s .  T h u s ,  i t  i s  
e x t r e m e l y  u n l i k e l y  t h a t  t h e  d i f f e r e n c e s  o b s e r v e d  b e t w e e n  c e r v i c a l  
c a n c e r  p a t i e n t s  and c o n t r o l s  a r e  m e r e l y  e f f e c t s  o f  a g e .
R e l a t i o n s h i p  w i t h  Ou tco m e.
The  r e s u l t s  o b t a i n e d  f r o m  p a t i e n t s  w h o  h a d  p o o r  o u t c o m e  w e r e  
c o m p a r e d  t o  a g e  a n d  s t a g e  m a t c h e d  p a t i e n t s  w h o  w e r e  s t i l l  a l i v e  i n  
M a r c h ,  1 9 8 4 .  T e n  i n d i v i d u a l s  f o r  whom s e r u m  p a r a m e t e r s  h a d  b e e n  
me asu re d  had d i e d .  Mean r e t i n o l ,  c a r o t e n o i d s ,  RBP and PA w e r e  l o w e r  
i n  p a t i e n t s  w i t h  p o o r  o u t c o m e  a n d  t h e  d i f f e r e n c e  f o r  r e t i n o l  w a s
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s t a t i s t i c a l l y  s i g n i f i c a n t .  T h e  z i n c : c o p p e r  r a t i o  w a s  a l s o  
s i g n i f i c a n t l y  l o w e r  i n  p a t i e n t s  w i t h  p o o r  o u t c o m e .  I t  i s  p o s s i b l e  
t h a t  l o w e r  s e r u m  r e t i n o l  a l l o w s  m o r e  r a p i d  p r o g r e s s i o n  o f  d i s e a s e .  
A l t e r n a t i v e l y ,  t h e  d i s e a s e  may h a v e  a m o r e  p r o f o u n d  e f f e c t  o n  t h e  
g e n e r a l  m e t a b o l i s m  i n  some i n d i v i d u a l s .  The l a t t e r  se e m s  more  l i k e l y  
a s  a l l  t h e  p a r a m e t e r s  m e a s u r e d  w e r e  a l t e r e d  i n  p a t i e n t s  who had  a p o o r  
p r o g n o s i s .  The f i n d i n g  o f  l o w e r  seru m r e t i n o l  i n  p a t i e n t s  w i t h  p o o r  
p r o g n o s i s  i s  i n  a g r e e m e n t  w i t h  t h e  f i n d i n g s  o f  S o u k o p  ejt a l .  ( 1 9 7 8 )  
and Brown e £  a l .  ( 1 9 8 1 ) .  They f o u n d  h i g h e r  se rum  r e t i n o l  i n  p a t i e n t s  
who  had a g o o d  r e s p o n s e  t o  c h e m o t h e r a p y  and l o w e r  l e v e l s  i n  p a t i e n t s  
w h o  h a d  p r o g r e s s i o n  o f  d i s e a s e  d u r i n g  c h e m o t h e r a p y .  H o w e v e r ,  i t  i s  
n o t  c l e a r  i n  t h e s e  t w o  s t u d i e s ,  w h e t h e r  p a t i e n t s  w i t h  l o w e r  s e r u m  
r e t i n o l  had  d i s e a s e  o f  t h e  s a m e  s t a g e  a s  t h o s e  w i t h  h i g h e r  l e v e l s .  
P r o g n o s i s  i n  e n d o m e t r i a l  c a n c e r  i s  r e l a t e d  t o  t h e  d e g r e e  o f  
d i f f e r e n t i a t i o n  o f  t h e  t u m o u r  a s  w e l l  a s  t h e  s t a g e  o f  d i s e a s e  
( C r e a s m a n  a n d  W e e d ,  1 9 8 1 ) .  S e r u m  p a r a m e t e r s  i n  e n d o m e t r i a l  c a n c e r  
p a t i e n t s  w h o  p r e s e n t e d  w i t h  p o o r l y  d i f f e r e n t i a t e d  t u m o u r s  w e r e  
c o m p a r e d  t o  t h o s e  o b t a i n e d  f r o m  p a t i e n t s  w i t h  m o d e r a t e l y  t o  w e l l  
d i f f e r e n t i a t e d  t u m o u r s .  S e r u m  r e t i n o l  a n d  RBP w e r e  s i g n i f i c a n t l y  
l o w e r  and s e r u m  c o p p e r  s i g n i f i c a n t l y  h i g h e r  i n  p a t i e n t s  w i t h  p o o r l y  
d i f f e r e n t i a t e d  tu m o u r s .  The o t h e r  p a r a m e t e r s  m e a s u r e d  w e r e  l o w e r  b u t  
t h e  d i f f e r e n c e s  w e r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  One c o u l d  
s p e c u l a t e  t h a t ,  b e c a u s e  o f  r e t i n o l ' s  r o l e  i n  d i f f e r e n t i a t i o n ,  l o w e r  
s e r u m  r e t i n o l  r e s u l t e d  i n  a m o r e  p o o r l y  d i f f e r e n t i a t e d  t u m o u r .  
A l t e r n a t i v e l y ,  more  a g g r e s s i v e  tu m o u r s  s u c h  a s  p o o r l y  d i f f e r e n t i a t e d  
t u m o u r s ,  may have  more i m p a c t  on  g e n e r a l  m e t a b o l i s m .  The l a t t e r  s e e m s  
m o r e  l i k e l y  a s  t h e  l o w e r  l e v e l s  o b s e r v e d  w e r e  n o t  l o w  by a c c e p t e d  
I n t e r n a t i o n a l  c r i t e r i a  a n d  a l s o  a n u m b e r  o f  t h e  p a r a m e t e r s  w e r e
a l t e r e d  s u g g e s t i n g  a g e n e r a l i s e d  e f f e c t .
E f f e c t  o f  T h e r a p y .
I n  t h e  p r e s e n t  s t u d y ,  s e c o n d  a n d  t h i r d  b l o o d  s a m p l e s  w e r e  
o b t a i n e d  f r o m  a n u m b e r  o f  c e r v i c a l  c a n c e r  p a t i e n t s .  As s t a t e d  
e a r l i e r ,  se rum  c o p p e r  d e c r e a s e d  s i g n i f i c a n t l y  d u r i n g  t h e r a p y .  Serum 
z i n c  w a s  u n a l t e r e d  a n d  t h u s  t h e  z i n c : c o p p e r  r a t i o  i n c r e a s e d .  S e r u m  
r e t i n o l  w a s  u n a l t e r e d  w h i l e  s e r u m  RBP a n d  PA c o n c e n t r a t i o n s  b o t h  
i n c r e a s e d  and th e  d i f f e r e n c e  b e t w e e n  t h e  f i r s t  and t h i r d  s a m p l e  was 
s i g n i f i c a n t .  S e r u m  c a r o t e n o i d s  d e c r e a s e d  d u r i n g  t h e r a p y .  T h i s  may 
a c c o u n t  f o r  t h e  a p p a r e n t  l a c k  o f  a l t e r a t i o n  i n  s e r u m  r e t i n o l .  T he  
me t ho d  u s e d  f o r  m e a s u r i n g  s e ru m  r e t i n o l  i s  n o t  c o m p l e t e l y  s p e c i f i c  and  
c a r o t e n o i d s  h a v e  b e e n  s h o w n  t o  i n t e r f e r e .  T hu s  t h e  r e d u c t i o n  i n  
c a r o t e n o i d s  may have  masked an  i n c r e s e  i n  se ru m r e t i n o l .  I t  i s  l i k e l y  
t h a t  t h e  r e d u c t i o n  i n  s e r u m  c a r o t e n o i d s  r e s u l t e d  f r o m  r e d u c e d  i n t a k e  
o f  f o o d s  c o n t a i n i n g  c a r o t e n o i d s .  I n  m o s t  o f  t h e  p a t i e n t s  r a d i o t h e r a p y  
w a s  a s s o c i a t e d  w i t h  d i a r r h o e a ,  a n d  i t  i s  c o m m o n  p r a c t i c e  t o  a v o i d  
f r u i t s  and  v e g e t a b l e s  when s u f f e r i n g  f r o m  d i a r r h o e a .  The  d i f f e r e n c e s  
o b s e r v e d  i n  p a t i e n t s -  w i t h  t h r e e  b l o o d  s a m p l e s  w e r e  a l s o  m i r r o r e d  i n  a  
l a r g e r  g r o u p  o f  p a t i e n t s  f o r  whom a m i d  t r e a t m e n t  s a m p l e  w a s  
a v a i l a b l e .  The t e n d e n c y  f o r  p a r a m e t e r s  t o  n o r m a l i s e  d u r i n g  t h e r a p y  
s u p p o r t s  t h e  s u g g e s t i o n  t h a t  t h e  l o w e r  l e v e l s  o b s e r v e d  a r o s e  a s  a  
c o n s e q u e n c e  o f  t h e  d i s e a s e .
C o n c l u s i o n .
The p r e s e n t  s t u d y  t h e r e f o r e  d e m o n s t r a t e s  t h a t  t h e  c o n c e n t r a t i o n s  
o f  s e r u m  r e t i n o l  a n d  a s s o c i a t e d  f a c t o r s  w e r e  r e d u c e d  i n  c e r v i c a l  
c a n c e r ;  t h i s  was p a r t i c u l a r l y  t r u e  f o r  a d v a n c e d  c a n c e r ;  s e r u m  r e t i n o l  
a n d  a s s o c i a t e d  f a c t o r s  w e r e  u n a l t e r e d  i n  e a r l y  e n d o m e t r i a l  c a n c e r .  
T h e r e  was no  e v i d e n c e  t h a t  r e d u c t i o n  p r e c e d e d  c a n c e r .  The l o w e r  seru m
r e t i n o l  an d  c a r o t e n o i d s  w e r e  n o t  a c o n s e q u e n c e  o f  d i e t a r y  d e f i c i e n c y  
a n d  t h e  d o w n w a r d  t r e n d  i n  s e r u m  r e t i n o l  a n d  c a r o t e n o i d s  w i t h  m o r e  
a d v a n c e d  d i s e a s e  was  n o t  o b s e r v e d  f o r  d i e t a r y  i n t a k e .  W e i g h t  l o s s  o r  
l o w  se ru m  z i n c  d i d  n o t  a c c o u n t  f o r  t h e  m a j o r i t y  o f  t h e  d i f f e r e n c e .  I t  
s e e m s  l i k e l y  t h a t  t h e  a l t e r e d  c o n c e n t r a t i o n s  o b s e r v e d  a r o s e  a s  a 
c o n s e q u e n c e  o f  a d i s t a n t  e f f e c t  o f  t h e  t u m o u r  o n  l i v e r  p r o t e i n  
s y n t h e s i s .  The r e s u l t s  o b t a i n e d  i n  v o l u n t e e r s  w e r e  s o m e w h a t  a n o m a l o u s  
a n d  c o u l d  b e  a t t r i b u t e d  t o  t h e i r  d i e t a r y  h a b i t s .  Use  o f  t h e s e  
c o n t r o l s  a l o n e  w o u l d  have  r e s u l t e d  i n  i n a p p r o p r i a t e  c o n c l u s i o n s .  T h i s  
e m p h a s i s e d  t h e  i m p o r t a n c e  o f  a p p r o p r i a t e  n u m b e r s  a n d  t y p e s  o f  
c o n t r o l s .
C H A PTER  3- 
V ITA M IN  A AND BLADDER CANCER.
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Dietary risk factors for bladder cancer were examined in a 
retrospective epidemiological study by Mettlin and Graham (1979). 
They revealed an increased relative risk of bladder cancer for lower 
levels of an index of vitamin A intake. However, this study has been 
criticised because major sources of dietary retinol were not included 
in the questionnaire. The vitamin A index used was based mainly on 
vegetables and was thus more correctly an index of beta carotene 
intake. Peto e£ al. (1981), suggest that on the basis of
epidemiological evidence, a higher than average intake of beta 
carotene is associated with a lower than average incidence of cancer.
However, epidemiologicaly linked parameters are not neccessarily 
causally related. Thus beta carotene may not be the true protective 
factor but may merely act as a marker for another constituent of 
fruits and vegetables. Possible protective elements in fruits and 
vegetables include phenolic compounds and ascorbic acid (Bright-See, 
1982}. Ascorbic acid is a powerful reducing agent. Ascorbic acid and 
its metabolites are excreted in urine. The amount of ascorbic acid 
excreted depends on the plasma concentration and this in turn depends 
on dietary intake. At high plasma ascorbic acid concentrations 
urinary ascorbic acid is high (Ahlborg, 1946). Raised urinary 
ascorbic acid might prevent the oxidation of other urinary 
constituents to carcinogenic compounds. Indeed, Schlegel e£ al.
(1970), demonstrated that high urinary ascorbic acid protected the 
mouse bladder against the carcinogenic effect of 3-hydroxy anthranilic 
acid, a carcinogenic metabolite of tryptophan.
Low serum retinol and carotene concentrations have been 
demonstrated in a number of cancers (Peto et al., 1981). Serum
INTRODUCTION.
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retinol may be altered by a number of factors. Thus, it is reduced by 
prolonged low dietary intake of retinol and its precursors. Low serum 
retinol concentration may also arise as a consequence of 
malabsorption. Vitamin A is transported in blood bound to a specific 
carrier protein, retinol binding protein (RBP), which in turn 
circulates as a bi-protein complex with prealbumin (PA) (Kanai et al., 
1958). Low circulating levels may, therefore, reflect decreased 
availability of carrier proteins. It has also been suggested that 
zinc may be essential for mobilisation of retinol from liver stores 
(Smith, 1980).
Several studies of serum retinol, carotene or dietary vitamin A 
and their relationship to cancer have been performed (Doll and Peto,
1981). However, it appears that little attention has been given to 
both diet and serum values in the same study. Moreover, there is 
still much controversy about which dietary factor is important. It is 
also unclear whether low vitamin A is universal to all cancers and 
whether it preceeds cancer or arises as a consequence of the disease. 
A study was therefore designed to consider dietary vitamin A and serum 
retinol and carotene and factors that may influence serum retinol in a 
group of patients with transitional cell carcinoma of the bladder, and 
to compare the results with those of patients who have previously been 
treated for the disease and with values for patients with non 
malignant urological disease.
PATIENTS.
The study population was drawn from patients admitted to Hindhead 
ward, The Royal Surrey County Hospital, Guildford, between 2.2.83 and 
16.5.83, for cystoscopy, transurethral resection and other minor 
urological operations.
The patients were interviewed by the use of a standardised 
technique on the day prior to operation. Information was collected on 
age, marital status, appetite, weight changes, smoking and occupation 
history, together with details of usual consumption of selected food 
items (appendix VI). The patients' informed consent to the withdrawal 
of 10ml of blood was also obtained. Both collection of dietary 
information and analysis of serum was performed blind of the patient's 
diagnosis.
Overnight fasting blood samples were collected by venepuncture. 
The blood was transferred to anticoagulant-free glass tubes which were 
covered with aluminium foil. The samples were centrifuged at high 
speed in a bench centrifuge for 10 minutes and the serum was separated 
within one hour of sampling. Aliquots of serum were placed in plastic 
tubes covered with aluminium foil and stored at -40°C prior to 
analaysis.
The patients were divided into four groups as follows:
Bladder cancer patients - newly diagnosed or with a recurrent
tumour detected at cystoscopy.
Patients with no recurrence - patients who have previously 
had bladder cancer but have no evidence of a recurrent tumour at 
cystoscopy.
Control group - patients presenting with minor urological complaints 
who have never had a neoplastic disease.
Miscellaneous group - patients who had or at some time
previously had a malignant disease other than bladder cancer.
Blood samples were obtained from 111 patients (98 % response). 
Of these patients, 9 females and 22 males were found to have 
transitional cell carcinoma of the bladder (12 newly diagnosed and 19
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recurrences). Their ages ranged from 48 to 89 years with a mean age 
of 69.4 years. The results for these patients were compared with those 
for 35 patients (6 females and 29 males) who had no recurrence 
detected on cystoscopy. Their ages ranged from 37 to 88 years with a 
mean age of 68.8 years. These results were further compared with those 
of 29 patients (5 females and 24 males) who presented with various 
non-malignant diseases. These patients constituted the control group. 
Their ages ranged from 25 to 84 years with a mean age of 63.9 years. A 
fourth group consisted of patients excluded from the other groups 
because they had a malignancy at some other site (or had previously 
been treated for a malignancy at a site other than the bladder). One 
patient for whom no final diagnosis was available and one patient 
admitted as an emergency were also placed in this group. The age range 
of these patints was 58 to 85 years with a mean of 73.1 years.
In addition to these patients information on dietary intake was 
collected from 9 patients for whom no blood sample was available. 
They were divided as follows: Bladder cancer - 2 patients (mean age 
66); no recurrence - 2 patients (mean age 78); control group - 5 
patients (mean age 65).
Brief clinical details of the individual patients are shown in 
appendix VIII.
Serum retinol, carotenoid* zinc, copper, RBP and PA were determined 
as described in Chapter 2.
Dietary Assessment of Retinol, Beta Carotene and Vitamin C Intake.
Dietary vitamin A and C intake was assessed using a quantitative 
food frequency method. To assist patients in estimating portion size 
graded food photographs were prepared as described by Hankin et al. 
(1975). Small medium and large portions of the questionnaire items 
were cooked and weighed. Colour photographs were taken (plates 3-12). 
The photographs were enlarged to 5 x 7 inches, mounted on stiff card 
and laminated to enable them to withstand handling.
Patients were asked about their age, weight and appetite and then 
told: "we are interested in your usual consumption of certain foods.
There are no right or wrong answers. Try and think back over the last 
few months when you answer the questions. 1 have some photographs 
here to help you. All the photographs were taken on a plate this 
size.” The plate was available at the time of interview to provide a 
sense of scale.
Patients were asked to estimate their usual frequency of 
consumption of each food item and then to indicate their usual portion 
size using the food photographs. They were also asked about vitamin 
supplement usage. At the same interview information on their smoking 
and occupation history was collected.
Estimated dietary retnol, beta carotene and vitamin C intake was 
calculated using McCance and Widdowson's food tables (Paul and 
Southgate, 1978). Total dietary vitamin A, expressed as retinol 
equivalents (pg) was derived from the sum of retinol and one sixth of 
beta carotene.
ANALYTICAL METHODS.
PLATES 3-12: POOD PHOTOGRAPHS (shown 2/3 actual size). 
Plate 3. (top) Potatoes - 50g, 100g, 210g.
Plate 4. Peas - 50gf 80gf 120g.
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Plate 5. (top) Green beans - 50gf 80g, 160g.
Plate 6. Dark green vegetables - 40g, 80gf 160g.
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Plate 7. (top) Carrots - 40g, 80g, 120g. 
Plate 8. Liver - 75g, 130g, 220g.
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Plate 9. (top) Tomatoes - 45g, 80gr 180g. 
Plate 10. Salad vegetables - 35g, 60gf 90g.
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Plate 11. (top) Butter - 4g, 8gf 12g. Bread - large and small slice. 
Cheese - 28g, 50g, 70g.
Plate 12. Fruit - apple, orange, pear, banana. Fruit juice - 120g, 
200g.
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The concentration of retinol in the serum of the bladder cancer 
patients was remarkably similar to that of both the control group and 
the patients with no recurrence of bladder cancer. Serum retinol was 
lower in the group of patients with miscellaneous diseases but the 
difference was not statistically significant (figure 39}. Likewise 
serum carotenoid concentration was lower in the miscellaneous group. 
Patients with bladder cancer or no recurrence of bladder cancer had 
higher serum carotenoid concentrations than the control group but 
again the difference was not statistically significant (figure 40).
The values for serum zinc, copper, the zinc/copper ratio, RBP and 
PA concentrations were similar for all groups with the exception of 
the miscellaneous group. In this group serum zinc concentration, the 
zinc/copper ratio, RBP and PA concentrations were lower and copper 
higher than the other groups although not significantly so (table 20). 
Acute reduction of weight or appetite was uncommon in the study 
population - only 6 patients were affected. However, their mean serum 
retinol and carotenoid concentration was 49 pg/100ml and 45 pg/100ml 
respectively compared with 80 pg/100ml and 78 pg/100ml respectively 
in the study population as a whole.
Serum retinol showed a highly significant positive correlation 
with both RBP (figure 41) and PA both over all, and within the 
individual groups (table 21). Serum RBP also showed a highly 
significant positive correlation with PA (figure 42). In addition to 
these correlations serum retinol was also positively correlated with 
serum zinc (r= 0.297, p = 0.001) and the zinc/copper ratio(r=0.219, 
p<0.02). Serum zinc and the zinc/copper ratio were also positively 
correlated with RBP (r=0.281, p=0.002; r=0.224, p< 0.02) and PA
RESULTS.
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Estimated dietary retinol, beta carotene and retinol equivalent 
intakes were similar for the control group, bladder cancer patients 
and patients with no recurrence (table 22; figure 43). Estimated 
dietary retinol and retinol equivalent intakes were lower and beta 
carotene intake higher although not significantly so, in the 
miscellaneous group. Vitamin C intake was similar in controls and 
patients with no recurrence and was lower than both bladder cancer and 
miscellaneous patients, however the differences were not statistically 
significant. Serum retinol was not correlated with estimated dietary 
retinol intake nor was serum carotenoid concentration correlated with 
estimated dietary beta carotene.
In addition to examination of dietary vitamin A and C intake, 
mean consumption of individual food items was compared in the four 
groups of patients. The results are shown in figures 44-48. Mean 
consumption of dark green vegetables was lower in the control patients 
than in the other patients (figure 44). Fruit juice consumption was 
highest in the controls (figure 45>. Mean egg consumption of controls 
was lower than consumption in the other groups (figure 46). 
Consumption of green beans was higher in the controls than in bladder 
cancer or no recurrence patients (figure 44). Mean values may however 
be misleading as a few very high values could distort the mean. The 
pattern of food consumption was therefore, considered by defining four 
categories for each food (appendix VII). For statistical purposes two 
categories were defined for each food. No significant differences in 
the pattern of food consumption were observed except that a smaller 
proportion of patients with bladder cancer or no recurrence consumed 
at least 80g of green beans per week than controls (p<0.05) and a
(r=0.297, p=0.001; r=0.351, p< 0.001) respectively.
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smaller proportion of patients with no recurrance ate at least 160g 
peas per week than controls (p<0.05). The pattern of consumption of 
selected foods are shown in figures 49-52. The proportional 
contribution of individual foods to mean vitamin A intake is shown in 
figure 53.
The results were further analysed to consider patients on 
medication. No informatin was available for 13 patients. Of the 
remainder, 55 patients were not taking any medication and 43 patients 
were taking one or more drugs. The results are listed in table 23. 
there were no statistically significant differences between those 
patients on medication and those not on medication for any of the 
parameters studied.
The effect of age on the parameters measured was determined by 
performing Pearson's correlations. Age was significantly correlated 
with serum concentrations of retinol (r= -0.2396, p<0.01), carotenoids 
(r= -0.2227, p<0.01), copper (r = +0.22, p<0.05>, RBP (r= -0.2527, 
p<0.005) and PA (r= -0.2934, p=0.001) the zinc/copper ratio
(r= -0.3267, p<0.001), over the age range studied (figure 54). The 
ages of the four groups of patients were not significantly different.
Sex differences were considered. The mean serum carotenoid 
concentration was significantly higher in female than in male patients 
(table 23). There were no significant differences in the other 
parameters measured.
Occupational exposure to dust and fumes or high risk industrial 
employment was examined. There was no excess exposure in the bladder 
cancer or no recurrence groups as compared to controls. The smoking 
habits of the study population are summarised in table 24. Patients 
with bladder cancer or no recurrence had smoked for more years than
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controls and when the results were combined the difference was 
statistically significant (table 24). The other indices of smoking 
were also higher in the patients who had or had previously had bladder 
cancer. Serum retinol concentrations were remarkably similar in 
smokers and non smokers.
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FIGURE 39.
SERUM RETINOL CONCENTRATION IN THE STUDY 
POPULATION.
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POPULATION.
FIGURE 40.
SERUM CAROTENOID CONCENTRATION IN THE STUDY
■*mean
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SERUM ZINC, COPPER, ZINCsCOPPER RATIO, RBP AND PREALBUMIN 
CONCENTRATION IN TEE STUDY POPULATION.
Results are expressed as mean values +/- standard error of the 
mean. The number of patients are shown in parenthesis. Statistical 
evaluation was performed using Student's unpaired t test with one 
tailed probability.
TABLE 20.
Parameter Bladder No Control Misce
cancer reccurence patients pati
Zinc 12.0 11.8 12.1 11.6
(pm/1) +/- +/- +/- +/-
0.39 0.33 0.36 0.52
(29) (35) (29) (15)
Copper 16.9 16.1 16.0 18.8
(pm/1) +/- +/- +/“ +/“0.60 0.55 0.69 1.55
(29) (35) (29) (15)
Zinc/Copper 0.73 0.77 0.80 0.67
ratio +/- +/- +/- +/-(pm/1) 0.03 0.03 0.04 0.05
(29) (35) (29) (15)
RBP 7.4 6.8 7.2 6.5
(mg/lOUml) +/- + / - +/- +/-
0.35 0.27 0.39 0.65
(29) (35) (28) (16)
PA 28.8 27.6 30.4 25.7
(mg/100ml) +/- +/- +/- +/-1.15 0.94 1.32 2.10
(29) (35) (29) (16)
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FIGURE 41.
RELATIONSHIP BETWEEN SERUM RETINOL AND
RBP CONCENTRATIONS.
Statistical evaluation was performed using Pearson’s correlation.
( •  - controls, 0=  no recurrence, ■ - bladder cancer, □=miscellaneous}.
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PEARSON'S CORRELATION BETWEEN SERUM CONCENTRATIONS OF RETINOL, RBP, 
PREALBUMIN AND ZINC FOR THE TOTAL SAMPLE AND FOR THE INDIVIDUAL
GROUPS.
Results are expressed as Pearson's correlation coefficients. The 
number of patients are shown in parenthesis.
TABLE21.
Group Retinol with 
RBP
Retinol with 
PA
Retinol with 
zinc
Total
sample
0.6546
(107)***
0.6663
(108)***
0.2974
(107)***
Control
group
0.7205
(28)****
0.6425
(29)****
0.4526
(29)***
Bladder
cancer
patients
0.6659
(29)****
0.6770
(29)****
0.2071
(29)
Patients 
with no 
recurrence
0.4917(34)** 0.5701(34)****
0.1402
(34)
Miscellaneous 0.7674 0.8363
patients (16)**** (16)****
0.4740 
(16>*
* statistically significant p<0.05
** statistically significant P<0.01
*** statistically significant p=0.001
**** statistically significant p<0.001
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FIGURE 42.
RELATIONSHIP BETWEEN SERUM PREALBUMIN AND 
RETINOL BINDING PROTEIN CONCENTRATIONS.
Statistical evaluation was performed using Pearson’s correlation, 
( • .c o n tro ls , o=no  recurrence, ■> bladder cancer, □= miscellaneous).
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ESTIMATED DIETARY PREFORMED RETINOL, BETA CAROTENE AND VITAMIN C 
INTAKE IN THE STUDY POPULATION.
TABLE 22.
Results are expressed as mean values +/- standard error of the 
mean. The number of patients are shown in parenthesis. Statistical 
evaluation was performed using Student's unpaired t test after square 
root transformation of the data (one tailed probability).
Group
Control
patients
Bladder
cancer
patients
Preformed
retinol
intake
(jig/day)
1493
+/-197
(33)
1230
+/-
184
( 3 2 )
Beta carotene 
intake 
(}ig/day)
2814
+/-382
(33)
2990
+ / -
371
(32)
Vitamin C 
intake 
(mg/day)
69
+/-7.4
(33)
80
+/-
1 1 . 5
(32)
Patients 
with no 
recurrence
1444
+/-
196
( 3 6 )
2796
+/-
371
(36)
65
+/-
10.4
(36)
Miscellaneous
patients
1183
+/-
240
(16)
3877
+/-513
( 16)
84
+/-16
(16)
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FIGURE 43.
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DIETARY TOTAL RETINOL INTAKE IN THE STUDY POPULATION.
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FIGURE 4 4 .
GREEN VEGETABLE CONSUMPTION IN THE STUDY POPULATION.
Results are expressed as mean values (grams) and S E M .
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FIGURE 45.
FRUIT AND FRUIT JUICE CONSUMPTION IN THE STUDY POPULATION.
Results are expressed as mean values (grams) and S E M .
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FIGURE 46.
UVER, CARROT AND EGG CONSUMPTION IN THE 
STUDY POPULATION.
Results are expressed as mean values (grams) and S E M .
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FIGURE 47.
3000-
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DAIRY PRODUCTS AND MARGARINE CONSUMPTION IN THE
STUDY POPULATION. Results are expressed as mean values
(grams) and standard error of the mean (S E M )-
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FIGURE 48.
Results are expressed as mean values (grams) and S E M .
SALAD. TOMATO AND POTATO CONSUMPTION IN THE
STUDY POPULATION.
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PATTERN OF CARROT CONSUMPTION IN THE STUDY POPULATION.
Figures in parenthesis represent group size. Statistical evaluation 
was performed using the chi squared test with Yate’s correction.
C = controls,
NR= no recurrence, 
T = bladder cancer, 
M -  miscellaneous.
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FIGURE 50.
PATTERN OF MILK CONSUMPTION IN THE STUDY POPULATION
Figures in parenthesis represent group size. Statistical evaluation 
was performed using the chi squared test with Yate’s correction.
C = controls,
NR= no recurrence, 
T = bladder cancer, 
M = miscellaneous.
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FIGURE 51.
Figures in parenthesis represent group size. Statistical evaluation 
was performed using the chi squared test with Yate’s correction.
PATTERN OF GREEN BEAN CONSUMPTION IN THE STUDY
POPULATION.
C = controls,
NR= no recurrence, 
T = bladder cancer, 
M = miscellaneous.
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FIGURE 52.
Figures In parenthesis represent group size. Statistical evaluation 
was performed using the chi squared test with Yate’s correction.
PATTERN OF PEA CONSUMPTION IN THE STUDY POPULATION.
C = controls,
NR= no recurrence, 
T = bladder cancer, 
M= miscellaneous.
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peas/week (p<0-05 ).
PROPORTIONAL CONTRIBUTION OF FOODS TO MEAN 
VITAMIN A INTAKE IN THE INDIVIDUAL GROUPS.
FIGURE 53.
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DGV = Dark green vegetables
TABLE 23.
VARIATION IN SERUM PARAMETERS BY SEX AND USE OF MEDICATION IN THE 
STUDY POPULATION.
Results are expressed as mean +/- standard error of the mean for the 
number of patients shown in parenthesis. Statistical evaluation was 
performed using Student's unpaired t test.
Serum parameters Males Females Medication No medical
Retinol 79 82 79 82
(pg/100 ml) +/- + / - +/- +/-
2.3 4.3 3.4 2.8
(87) (23) (43) (54)
Carotenoids 72 ** 100 78 82(pg/100 ml) +/- +/- +/- +/-3.4 10.1 5.1 5.6
(88) (23) (43) (55)
Zinc 11.9 11.9 12.2 11.9
(jim/1) +/- + / - +/- +/-0.2 0.3 0.3 0.3
(85) (23) (40) (55)
Copper 16.4 17.5 17.3 16.1
(pm/1) +/- +/- +/- +/-0.4 0.8 0.8 0.4
(85) (23) (40) (55)
Retinol binding 7,1 6.9 7.3 6.9
protein +/- +/- +/- +/-(mg/100ml) 0.2 0.4 0.3 0.2
(86) (22) (41) (54)
Prealbumin 28.8 26.5 28.6 28.7
(mg/100ml) +/- + / - +/- +/-
0.7 1.2 1.0 0.9
(87) (22) (41) (55)
** significantly lower than females (p<0.01).
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FIGURE 54.
RELATIONSHIP BETWEEN AGE AND THE ZINC/COPPER RATIO-
Statistical evaluation was performed using Pearson’s correlation. 
(•=controls, o = no recurrence, n>bladder cancer, □ * miscellaneous)
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POPULATION.
The results are expressed as mean +/- standard deviation for smoking 
years and percentages of the appropriate group for the other 
parameters. The numbers in each group are indicated in parenthesis. 
Statistical evaluation was performed using Student's unpaired t test 
with two tailed probability.
TABLE 24.
CRUDE INDICES OF SMOKING HABITS AND INDUSTRIAL EXPOSURE IN THE STUDY
Group Mean Current Never 
smoking non smoked 
years smoker
> 40 Ever smoked 
years > 30/day 
history
Bladder
cancer
patients
Patients 
with no 
recurrence
Control
group
30.5*
(33)
+/-23.3
34.4*
(37)
+/-
21.8
22.9
(34) 
+/- 
20.1
61
70
79
24
16
29
48
46
32
21
22
18
Miscellaneous
group
35.1
(16)
+/-
22.0
63 19 44 25
* Bladder cancer and no recurrence groups combined - significantly 
higher (p<0.05) than controls.
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In this study we failed to find lower serum retinol or carotenoid 
concentrations in patients with transitional cell carcinoma of the 
urinary bladder when compared with age matched controls. This is 
in agreement with El Aaser etj al. (1S82). However, the present 
findings differ from those of Basu et al. (1982). They demonstrated 
low serum retinol (mean 34 jag/100 ml) using a similar fluorimetric 
method in 5 bladder cancer patients. There is, however no comment on 
the histologic type or stage of bladder cancer.
Bilharzial squamous cell carcinoma of the bladder has been 
associated with low serum retinol and beta carotene (El-Aaser et_ al.,
1982). Patients with transitional cell carcinoma associated with 
bilharzia did not have low serum retinol or beta carotene. Mahraoud 
and Robinson, (1982) also found low serum retinol in patients with 
bilharzial bladder cancer which was predominantly squamous carcinoma.
Of the bladder cancer patients we studied only one patient had 
disease extending outside the bladder (stage T4) and only three other 
patients had invasion of the bladder muscle (T1 or T2). Thus the 
majority of patients had only superficial disease. The mean serum 
retinol for the four patients with invasive bladder cancer was 57 
jjg/100 ml and carotenoids 35 jig/lOOral compared with 80 jig/ 100ml and 78pg/ 
1 00m lrespectively in the total study population. In the study by Basu 
et al. (1982), the patients were undergoing treatment with 
chemotherapy including cyclophosphamide, which is usually only used in 
patients with invasive bladder cancer (Smith, 1981). Thus the low 
serum retinol demonstrated by Basu et al. (1982) could be associated 
with squamous carcinoma; this however, is unlikely as squamous bladder
DISCUSSION.
Serum Concentrations.
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carcinoma is rare in this country. Alternatively it may be a 
consequence of advanced disease or arise as a result of chemotherapy. 
Anorexia and weight loss often occur in patients undergoing 
chemotherapy. Retinol binding protein and hence retinol concentration 
are very sensitive to the nutritional status of an individual 
(Ingenbleek at al., 1975). Decreased retinol and RBP levels occur in 
children with protein-energy malnutrition. Indeed, supplying energy 
and protein without supplemental vitamin A results in a clinical cure 
and a significant rise in retinol, RBP and PA (Smith at al., 1973). 
In the present study blood was sampled prior to any therapy thus 
removing any bias that this may introduce. Acute weight loss or loss 
of appetite was not common, only 6 patients were affected. However, 
both serum retinol and carotenoid concentrations were lower in these 
patients than in the study population as a whole.
The lack of a relationship between serum retinol and transitional 
cell bladder cancer is supported by the serum RBP and PA values. 
There were no significant differences in serum RBP or PA in the four 
groups of patients. A highly significant positive correlation was 
observed between RBP and PA which held for all four groups of 
patients. Furthermore, retinol was highly significantly positively 
correlated with both RBP and PA, throughout the four groups; this 
finding is in agreement with the observations of Smith and Goodman
(1971).
The normal range for serum retinol determined by simple 
fluorimetry (50-150 jJg/1) is considerably above the ranges quoted for 
most other methods. A criticism of the method is that it may suffer 
from interference from carotenoids. The authors of the method failed 
to show interference from these substances. In this study retinol was
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highly significantly correlated with RBP, suggesting that the method 
was a valid measure of circulating retinol. However, there are a 
number of outliers (figure 41) with disproportionately high serum 
retinol values. In general these patients also had high serum 
carotenoid concentrations. Thus fluorimetry may overestimate serum 
retinol in patients with high serum carotenoids.
It has been suggested that zinc has a role in mobilising retinol 
from the liver (Smith et al., 1977; Solomons and Russell, 1980). In 
the study population as a whole there was a weak but highly 
significant positive correlation between zinc and retinol. Zinc was 
also significantly correlated with RBP and highly significantly 
correlated with PA. In the study population all the serum zinc values 
fell within the normal range (7-20 pm/l). Zinc has a role in the 
synthesis of nucleic acids and proteins (Prasad, 1978). Thus, zinc 
may be important in the synthesis of fast turnover proteins such as 
RBP and PA. The correlations between zinc and retinol, RBP and PA 
support the suggestion that zinc is involved in mobilisation of 
retinol into the circulation.
Dietary Intake.
Dietary intake of vitamin A-containing foods was examined by 
Mettlin and Graham (1979) in a large group of bladder cancer patients. 
As indicated earlier, an index of "vitamin A" was constructed and the 
risk of bladder cancer was calculated. The sex adjusted relative 
risks revealed an increase in risk for lower levels of the vitamin A 
index. A similar elevation of risk was associated with infrequent 
milk and carrot intake. In the present study an estimate of patients' 
usual vitamin A and C intake was made using food frequency data 
coupled with patients' estimates of their usual portion size. Dietary
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retinol, retinol equivalents and beta carotene intakes were similar 
in all the groups. The data was further analysed to give mean intakes 
and patterns of consumption of individual food items. Green bean 
consumption was lower in both bladder cancer patients and patients 
with no recurrence than in controls; and a significantly higher 
proportion of controls than patients with bladder cancer or no 
recurrence ate at least 80g green beans per week. A significantly 
higher proportion of controls than patients with no recurrence ate at 
least 16Ug peas per week. Vitamin supplement usage was not common and 
there were no differences between the groups. None of the other foods 
examined showed significantly different levels of consumption between 
the groups.
These results must be interpreted with caution. In situations 
where multiple statistical comparisons are made there is the 
probability that significant differences at the 5% level will occur by 
chance in 1 in 20 cases. If differences are true risk factors or 
indicators of true risk factors for bladder cancer, the differences 
should hold for both patients with bladder cancer and no recurrence. 
The trend for green bean consumption was in the same dirrection for 
both bladder cancer and no recurrences and may therefore represent a 
true difference. Errors in reporting frequency of consumption or 
portion size could result in spurious differences or mask true 
differences. Green beans and peas are seasonal items and the 
differences observed may merely reflect possession of a deep freeze or 
use of frozen or canned vegetables rather than any true difference in 
annual usage. These results do not support the hypothesis that 
vitamin A per se or foods containing vitamin A are protective against 
bladder cancer.
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These results, although contradictory to those of Mettlin and 
Graham (1979) are similar to those of Shekelle et al. (1981). In a 
prospective epidemiological study of 1954 middle aged men, the intake 
of dietary carotene was inversely related to the 19 year incidence of 
lung cancer but was not significantly related to the incidence of 
other cancers including bladder cancer. There was no relationship 
between dietary retinol and bladder cancer.
The conflicting results may be true differences or may arise as a 
result of methodological differences. In both the present study and 
that of Mettlin and Graham (1979) data was collected by recall, which 
has inherent errors. The latter study used questions on usual 
frequency of consumption one year prior to symptoms. Thus, seasonal 
differences in consumption would be taken into account. However, it 
is questionable whether an individual can accurately recall food 
intake over this time span. It also requires the individual to 
average out their consumption which many patients, especially the 
elderly, are unwilling or unable to do. This is particularly relevant 
in bladder cancer which is a disease of old age. In our study 
patients were asked to estimate their usual consumption during the 
last three months. Thus it is likely that some seasonal items will be 
over estimated and others under estimated. However, as patients and 
controls were recruited from the same population over the same time 
span, this does not invalidate the study.
Further criticisms of the Mettlin and Graham study include the 
method of quantification. Food frequency data alone was collected and 
the vitamin A content calculated on the basis of standard portions. 
Both retinol and beta carotene are found in only a few foods at very 
high concentrations. Thus relatively small differences in portion size
of these foods would result in relatively large differences in vitamin 
A intake. Indeed, in the present study, if standard portions had been 
used the results may well have been different. In the study 
population as a whole the estimated usual portion size for dark green 
vegetables ranged from 20 to 160 g, for carrots the range was 20 to 
120 g and for liver 28 to 220 g. The interpretation of Mettlin and 
Graham's (19 79) data is further complicated by the fact that several 
major vitamin A containing foods, including liver and spinach, were 
not included in the study. Indeed, it has been suggested that the 
"vitamin A" index was more accurately described as a beta carotene 
index (Peto e_t al., 1981).
Comparison was made between the vitamin A values obtained in the 
present study and those found in the National Food Survey for old age 
pensioners. Average daily retinol, beta carotene and retinol 
equivalents were 1150, 2500, and 1560 respectively (M.A.F.F., 1983) 
compared with 1360, 3010 and 1820 in the study population. Estimates 
in this study were thus slightly higher than the food intake measured 
in the household survey but were in good general agreement. The higher 
preformed retinol intake values may be due in part to inclusion of 
vitamin supplements which is not covered by the household survey. 
The relationship between dietary vitamin A and serum vitamin A was 
examined by performing Pearson's correlation. Serum retinol was not 
correlated with dietary preformed retinol or total retinol 
equivalents. This is in agreement with other observations (Doll and 
Peto, 1981). In addition, serum carotenoid concentration was not 
correlated with dietary beta carotene. There is controversy about the 
relationship of diet and serum carotenoids. Carter and Cook (1963), 
demonstrated that high dietary intake of beta carotene resulted in
high serum carotene. Dosing with synthetic beta carotene also 
resulted in high serum carotene (Mathews-Roth, 1982a). In a group of 
psychiatric patients low serum carotenoid concentration was increased 
by increasing the vegetable content of the individuals' diets (Leitner 
et al., 1964). However, Bessey and Wolbach (1939) failed to show a 
relationship between dietary carotene intake and plasma levels.
There are a number of possible reasons for the lack of 
correlation between serum and dietary carotenoids. The observation 
may be a true biological relationship or may arise due to the 
methodology employed. Patients were asked to estimate their usual 
consumption of foods; this may well be different from their recent 
food intake. Furthermore, patients may have reported what they felt 
they should have eaten rather than what they actually ate. Thus the 
dietary data may not reflect their true intake. Calculation of 
nutrient intake was performed using food tables. This may introduce 
further errors. The nutrient content of a food may vary according to 
light and soil conditions, the stage of maturity at harvest, storage, 
processing, handling and preparation prior to consumption. Food 
tables are based upon a limited number of analyses and the food as 
eaten may differ substantially from the food analysed. Furthermore 
the amount of beta carotene absorbed depends upon other constituents 
of the diet. The beta carotene in dairy produce may well be more 
available than that in vegetables. Protein intake, the amount, nature 
and dispersion of dietary fat and the digestibility of the carotene 
containing food, may influence the absorption and utilisation of beta 
carotene (Mathews-Koth, 1982a). A further possible reason for the 
lack of correlation is that the method used for measuring serum 
carotenoids determines material soluble in organic solvents that
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absorbs at 450 nm - this will include carotenoids with provitamin 
activity and also carotenoids such as lycopene that have no provitamin 
activity, whereas food tables give the beta carotene content of most 
foods.
Vitamin C.
In addition to estimating vitamin A intake we estimated vitamin C 
intake. Epidemiological studies have linked low consumption of beta 
carotene and beta carotene containing foods with various cancers 
(Peto et al., 1981). However, an epidemiologic association does not 
neccessarily imply causation. Beta carotene could be a marker for 
some other truly protective effect of fruits and vegetables. Ascorbic 
acid is found in fruits and vegetables and has been suggested as a 
protective agent against cancer (Bright-See, 1982). Ascorbic acid and 
its metabolites are excreted in urine. The amount excreted depends on 
the plasma concentration and this in turn on dietary intake. Vitamin 
C is a powerful reducing agent and is capable of blocking the 
formation of potentially carcinogenic N- nitroso compounds in vitro 
and in vivo (Nomura, 1982). In the mouse, high urinary ascorbic acid 
protected the bladder against the carcinogenic effect of 3-hydroxy 
anthranilic acid (Schlegel et al., 1970). Greco et al. (1982) found 
low plasma and urinary levels of vitamin G in a group of bladder 
cancer patients. In the present study there were no significant 
differences in dietary vitamin C intake. This does not support a role 
for ascorbic acid in bladder cancer. However, the estimate of vitamin 
C intake was crude as methods of cooking, which may have a profound 
effect on the vitamin C content of foods, was not assessed. Raw foods 
such as fruits, salad and fruit juice may give a better idea of vitamin 
C intake. Consumption of fruits was similar in the four groups.
Fruit juice, tomato and salad consumption were very variable both 
within groups and between groups. With the exception of pea and green 
bean consumption (see earlier) the differences in consumption of 
ascorbate rich foods, were not statistically significant.
Effect of Age.
The effect of age on the biochemical and dietary parameters 
measured was assessd using Pearson's correlation. There was a 
significant negative relationship between age and: serum
concentrations of retinol, carotenoids, RBP and PA over the age range 
studied. The relationship was strongest between age and both PA and 
RBP. Kirk and Chieffi (1948) measured vitamin A and carotene in 
patients and volunteers of varying ages. They did not show a 
consistent pattern with age. However, Leitner et al. (1960) found a 
consistent rise in serum retinol and carotene concentrations until a 
maximum was reached in the age group 50-59. After this age there was 
a decline in serum values .
In the present study there was a positive correlation between 
copper and age. Interestingly zinc was not correlated with age. Thus 
if zinc has a role in the synthesis or release of RBP and PA , it is 
not the only or major factor. However, there was a weak but highly 
significant negative correlation between age and the zinc/copper 
ratio. Thus, it may be the relative availability of zinc that is 
important in RBP and PA synthesis or release. The dietary parameters 
were not correlated with age.
Sex differences were found for serum carotenoids but not for the 
other parameters. Mean serum carotenoid concentration was 
significantly higher in females than males, in agreement with Leitner 
et al. (1960). They, however, also found lower retinol in males. It
is possible that the high carotenoid concentration we observed masked 
the sex difference in retinol. However, Kirk ejt al. (1948) did not 
find sex differences in retinol or carotene.
Lower mean values for serum retinol, carotenoids, zinc, 
the zincicopper ratio, PA and RBP and higher copper were found in the 
miscellaneous group of patients than in the other groups. The average 
age of this small group of patients was higher than that of the other 
groups. The age effects outlined above could account for at least 
part of the differences.
Occupation, Smoking and Bladder Cancer.
A number of occupations have been linked with bladder cancer 
(Howe e£ al., 1980; Droller, 1981). In the present study patients 
were asked if they had been exposed to dust or fumes or if they had 
worked in any of the following industries: dye industry, spray
painting, leather work, textile weaving, rubber and cable works, 
petroleum industry or medical work. Patients were also questioned on 
their current and past smoking habits. The bladder cancer and no 
recurrence group combined had smoked for significantly more years than 
controls. There was also a lower percentage of non smokers and 
individuals who had never smoked and a higher percentage of patients 
who had smoked for more than 40 years or who had ever smoked more than 
30 cigarettes a day in the patients who had or had previously had 
bladder cancer than in controls. This supports the suggestion that 
bladder cancer is linked with cigarette smoking (Matanoski and 
Elliott, 1981).
Yeung (1976) examined plasma retinol in a small group of smokers 
and non smokers. He demonstrated slightly higher retinol in the 
smokers. In the present study serum retinol was remarkably similar in
smokers and non smokers.
Conclusion*
Thus, the present study provided no evidence of vitamin A 
deficiency in transitional cell carcinoma of the bladder. It also 
failed to support the suggestion that high dietary intakes of retinol 
or beta carotene or foods that contain these nutrients are associated 
with decreased risk of bladder cancer. Furthermore, reduced serum 
retinol, RBP, PA, or carotene concentrations were not associated with 
early transitional cell carcinoma of the bladder. Serum parameters 
were lower in the four patients with more advanced disease. Further 
studies on a larger group of patients with advanced bladder cancer 
would be required to establish whether serum concentrations of retinol 
and associated factors were significantly lower than in controls.
VITAMIN A AND NON EPITHELIAL TUMOURS
CHAPTER 4.
There has been considerable interest over the last few years in 
the protective effect of vitamin A against carcinogenesis ( Sporn et 
al., 1976; Lotan, 1980). Much of the interest stemmed from the fact 
that vitamin A has profound effects on the differentiation of 
epithelium, tissues in which more than 90% of human malignancies arise 
(Cairns, 1975). Human studies of vitamin A and cancer have, 
therefore, concentrated on epithelial tumours. However, Basu et al. 
(1982) measured serum retinol concentration in patients with 
epithelial tumours and in patients with multiple myeloma, a non 
epithelial tumour, and compared the results to those obtained in 
healthy controls. Serum retinol was lowest in epithelial tumours but 
was also lower than in controls in patients with multiple myeloma. In 
addition to its role in maintaining differentiation of epithelial 
tissue, vitamin A also has effects on tissues of mesenchymal origin 
(Fell, I960). It is therfore possible that the anticancer effects of 
vitamin A and retinoids, observed in epithelial tissues may also occur 
in non epithelial tissues.
Animal experimentation has shown that retinoids are effective 
antitumour agents in a number of non epithelial tumours. Chauvenet and 
Paque (1982) found that all-trans retinoic acid inhibited the 
formation of methylcholanthrene-induced fibrosarcomas in mice. 
Regression of chondrosarcoma treated by the retinoid Ro 11-1430 
(Oegema and Parzych, 1981) or retinoic acid (Ettlin et al., 1982) has 
also been noted. Retinoids have profound effects on malignant 
melanoma (MM) cells in culture. Lotan et a 1. (1981) examined the 
effect of retinoids on S91 murine melanoma and human Hs939 melanoma 
ceils in culture. Retinoic acid (RA) severely inhibited the growth of
INTRODUCTION.
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the former cell line and affected the latter to a lesser extent. 
Treatment with RA inhibited anchorage independent growth and 
stimulated melanogenesis. Lotan et al. (1983) examined the effect of 
retinoids on a number of epithelial and non epithelial cell lines in 
culture. Similar effects were noted in both epithelial and non 
epithelial cell lines. Thus human cervical cancer cells, human 
osteosarcoma cells and murine melanoma cells all underwent changes 
morphologically, towards the phenotype of untransformed cells, when 
cultured in the presence of RA. Felix et al. (1976) found that 
treatment with high doses of retinyl palmitate protected mice from the 
induction of S91 melanoma by transplanted tumour cells.
The success with animal tumours prompted a number of workers to 
attempt to control human tumours with retinoids. Thus Levine and 
Meyskens (1980) used topical beta-all-trans retinoic acid on cutaneous 
metastatic melanoma in two patients. Complete regression of treated 
lesions was noted in one and partial regression in the other patient. 
Further work by Meyskens e+ al. (1982) has produced encouraging 
clinical activity of retinoids in advanced MM. Similar results were 
observed by Rustin and Bagshawe (1982)in one patient with cerebral 
metastases from MM.
Ultra violet (UV) light has been implicated in the aetiology of 
MM (Elwood and Lee, 1979). Carotenoids, both those with provitamin A 
and no provitamin activity, have been shown to be capable of 
inhibiting UV light induced tumours in the skin of mice (Mathews-Roth, 
1982b). Carotenoids are deposited in the skin in humans, particularly 
in the epidermis (Goodwin, 1984) and it is therefore possible that 
high dietary carotenoid intakes would protect against UV 
carcinogenesis. Serum carotenoid levels generally reflect dietary
intake (Peto et al., 1981). It therefore seemed of interest to 
measure serum retinol and carotenoids in a small group of patients 
with MM. Differences in serum retinol or carotenoids may be specific 
for a particular tumour or carcinogenic insult, or may occur as a more 
generalised effect. In order to ascertain whether the differences 
were specific or generalised, a small group of patients with sarcomas 
were included for comparison.
PATIENTS.
Patients attending the Royal Marsden Hospital, London for 
surgical treatment of MM or sarcomas were recruited. Fifteen patients 
(10 female, aged 36-70; 5 male, aged 26-64) presented with MM. Their 
mean age was 52.5 years. Sixteen patients with sarcomas were 
recruited (7 female, aged 22-69; 9 male, aged 19-83). Their mean age 
was 47.3 years. Brief clinical detai ls are given in appendix IX .  A 
control group was constructed with a similar sex and age structure (17 
female, aged 25-72; 11 male, aged 25-84) from patients presenting with 
non malignant gynaecological or urological disease. The mean age of 
the control group was 51.5 years.
A fasting venous blood sample was obtained from patients and 
controls prior to surgery. It was handled as described in chapter 2.
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Serum concentrations of retinol, carotenoids, RBP and PA were 
significantly lower in patients with sarcoma than in controls (table 
25; figures 55 and 5b). Serum copper concentration was similar in the 
two groups, while mean serum zinc was markedly higher in patients with 
sarcoma than controls. Serum zinc concentration showed wide variation 
within the sarcoma group; despite this, the difference between sarcoma 
patients and controls was statistically significant. The zinc:copper 
ratio was not significantly different in the two groups.
Serum concentrations of retinol, RBP, zinc and copper and the 
zinc:copper ratio were similar in patients with MM and controls (table 
25; figures 55 and 5b). Serum concentrations of carotenoids and PA 
were significantly lower in patients with MM than in controls. The 
results obtained for patients with MM were compared to those obtained 
from patients with sarcomas. The differences did not reach 
statistical significance.
The age ranges of the groups of patients and controls were 
similar and the differences were not statistically significant. The 
relationship between age and the parameters measured was examined by 
performing Pearson's correlation. Age was not correlated with the 
parameters measured in any of the groups.
The relationship of retinol and its transport proteins was 
also examined by Pearson's correlation. Serum retinol and RBP 
concentrations were highly significantly correlated, both in the 
individual groups and overall (figure 57). Furthermore, retinol was 
correlated with PA and this in turn was correlated with RBP (figures 
58 and 59). There was no correlation between zinc and retinol, RBP or 
PA.
RESULTS.
TABLE 25.
VARIATION IN SERUM CONCENTRATIONS OF RETINOL, CAROTENOIDS, ZINC, 
COPPER AND THE ZINC:COPPER RATIO.
Results are expressed as mean values + S.E.M. for the number of 
individuals indicated in parenthesis. Statistical evaluation was 
performed using Student's unpaired t test with one tailed probability 
(except ~ = two tailed).
Sarcomas Malignant
melanomas
Controls
Retinol 63 ** 73 79
((ig/100ml) +5.5
(16)
+8.1
(15)
+3.5
(27)
Carotenoids 76 * 75 * 101
(pg/100ml) +9.4
(lb)
+10.4
(15)
+7.5
(27)
Zinc 17.2 ~ 14.5 13.2
(pm/1) +1.7
(16)
+1.4
(14)
+0.6
(27)
Copper 17.8 17.4 16.9
(pm/1) +1.2
(16)
+1.1
(14)
+0.7
(27)
Zinc:copper 1.00 0.87 0.78
ratio (jnm/1) +0.11
(16)
+0.11
(14)
+0.04
(27)
* significantly lower than controls (* p<0.05, ** p<0.01, ) 
~ signficantly higher than controls (p<0.05).
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FIGURE 55.
SERUM RBP CONCENTRATION IN THE STUDY POPULATION.
Statistical evaluation was performed using Student’s unpaired t test 
with one tailed probability.
melanomas
■^significantly lower than controls (p = 0-001).
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Statistical evaluation was performed using Students unpaired t test 
with one tailed probability.
FIGURE 56.
SERUM PREALBUMIN CONCENTRATION IN THE STUDY
POPULATION.
melanomas
*  significantly lower than controls ( *  p< 0*05, * *  p< 0*001).
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RELATIONSHIP BETWEEN SERUM CONCENTRATIONS OF 
RETINOL AND RBP.
Statistical evaluation was performed using Pearson’s correlation.
FIGURE 57.
Serum retinol binding protein concentration (mg/100ml).
INDIVIDUAL GROUPS
■ Sarcomas............................ r =0-920
a Malignant melanomas r = 0-923
•  Controls.................................r=0-696
p <  0 -0 0 1
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RELATIONSHIP BETWEEN SERUM CONCENTRATIONS OF 
RETINOL AND PREALBUMIN.
Statistical evaluation was performed using Pearson’s correlation.
FIGURE 58.
Serum prealbumin concentration (mg/100ml).
INDIVIDUAL GROUPS
■Sarcomas............................  r - 0*855
^Malignant melanomas r= 0*874
•Controls............................... r= 0*556
p <  0 -0 0 1
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RELATIONSHIP BETWEEN SERUM CONCENTRATIONS OF 
RBP AND PREALBUMIN.
Statistical evaluation was performed using Pearson’s correlation.
FIGURE 59.
Serum prealbumin concentration (mg/100ml).
INDIVIDUAL GROUPS
■Sarcomas............................ r=  0-822 ,
AMalignant melanomas..........r=o-878
•Controls............................... r=0-698
p <  0 -0 0 1
Serum retinol concentration was significantly lower than controls 
only in sarcoma patients. Values in MM were very similar to controls. 
Similarly serum RBP was significantly lower than controls in patients 
with sarcomas. In contrast PA and carotenoid concentrations were 
significantly lower than controls in both patients with sarcomas and 
those with MM. Lower serum retinol may occur as a result of dietary 
deficiency. Although dietary intake was not measured in these 
patients, the results of the studies in cervical, endometrial and 
bladder cancer suggest that low dietary vitamin A intake is of little 
importance in cancer. Further support is provided by examining RBP 
and PA concentrations. In vitamin A deficiency, serum concentration 
of RBP alone is reduced while PA concentration is unaltered (Navab et 
al., 1977). In sarcoma patients concentrations of both proteins were 
reduced.
Lower serum concentrations of retinol and its transport protein 
may occur as a consequence of low mobilisation from the liver. It has 
been suggested that zinc is important for the mobilisation of retinol 
from the liver. The serum concentration of zinc was, however, higher 
in sarcoma patients than in controls; and no relationship was observed 
between serum zinc and retinol or its transport proteins either in the 
individual groups, or overall.
Both RBP and PA are sensitive to protein energy malnutrition and 
weight loss. Although serum parameters were low in the one sarcoma 
patient who reported that he had lost weight, several patients who had 
not lost weight had values as low or lower than this patient. It is 
therefore possible that the lower values observed arose as a 
consequence of the tumour. If reductions in retinol and its
DISCUSSION.
transporting proteins occur as a result of the tumour, it is likely 
that large tumours will have more impact than smaller ones. Indeed, 
this was observed in cervical cancer where components of the retinol 
transporting complex were lower in patients with more advanced disease 
than in early disease (Chapter 2). Sarcomas are usually very much 
larger tumours at presentation than are MM. It is therefore possible 
tnat the smaller differences from controls observed in MM than in 
sarcoma patients was a consequence of the different tumour bulk. Two 
patients with MM had large tumour masses and the serum concentrations 
of retinol and associated factors were lower in these patients than in 
other patients with MM. It has been suggested that PA is more 
sensitive to changes in protein synthesis than RBP (Milano e_t al., 
1978). Thus reduction in serum PA alone in MM may reflect an earlier 
effect of the tumour on protein synthesis while reductions in both 
serum PA and RBP concentrations in sarcoma patients may reflect later 
effects of the tumour.
Serum carotenoid concentration was lower in both MM and sarcoma 
patients than in controls. This suggests that the effect is 
generalised rather than specific. Dietary intake was not measured and 
so cannot be ruled out as an important factor in the lower levels 
observed. However, in the cervical and endometrial cancer study low 
dietary intake did not account for the reduction. Furthermore Willett 
et al. (1984) did not find lower serum carotenoids in patients who 
subsequently developed cancer. It is therefore possible that the 
metabolism of carotenoids were altered in MM and sarcoma patients. 
Carotenoids are transported in serum bound to low density lipoproteins 
(LDL) (Goodwin, 1984). LDL are the main transport lipoproteins for 
cholesterol, the concentration of which has been observed to be lower
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in a wide range of malignancies (Kark et al., 1982). Thus the reduced 
carotenoid concentration may be secondary to an effect on lipoprotein 
synthesis in the liver.
The relationships between the components of the retinol transport 
complex were examined by Pearson's correlation. As expected, serum 
retinol was correlated with both RBP and PA and these in turn were 
highly correlated. The relationships were stronger in the MM and 
sarcoma patients than in the controls. Unlike the previous studies, 
very high carotenoid concentrations were not found in any of the 
patients with tumours and no outliers, with disproportionately high 
serum retinol relative to RBP, were found. This indirectly supports 
the suggestion that high carotenoids interfere in the assay method for 
serum retinol.
This pilot study has shown that both carotenoids and components 
of the retinol transporting complex are reduced in some patients with 
non epithelial tumours. The numbers studied were small and it was, 
therefore, not possible to comment on the effect of stage of disease 
or effect of different types of sarcomas on the parameters studied. 
Dietary intake was not measured and although dietary deficiency is 
unlikely to have been responsible for the lower serum retinol levels, 
lower dietary carotenoid intake may have been responsible for the 
lower serum carotenoid concentrations observed. This warrants further 
study in a larger group of patients. The reductions in the 
concentrations of retinol and associated factors were of similar 
magnitude in sarcoma patients as in cervical cancer patients. This 
suggests that the lower levels are a generalised effect of malignant 
disease rather than a specific effect associated with certain tissues 
or carcinogenic insult.
CHAPTER 5. 
GENERAL DISCUSSION.
T he r o l e  o f  v i t a m i n  A i n  g r o w t h ,  r e p r o d u c t i o n ,  v i s u a l  f u n c t i o n  
a n d  d i f f e r e n t i a t i o n  o f  e p i t h e l i a l  t i s s u e  i s  f i r m l y  e s t a b l i s h e d ,  i f  
w i t h  t h e  e x c e p t i o n  o f  v i s i o n ,  p o o r l y  u n d e r s t o o d .  C o n t r o v e r s y  s t i l l  
r e m a i n s  a b o u t  a p r o t e c t i v e  r o l e  f o r  v i t a m i n  A a g a i n s t  c a r c i n o g e n e s i s .  
A n i m a l  e x p e r i m e n t a t i o n  has  f o r  t h e  m o s t  p a r t  show n p r o t e c t i v e  e f f e c t s  
f o r  r e t i n o i d s  a g a i n s t  a  r a n g e  o f  c a r c i n o g e n i c  i n s u l t s  a t  v a r i o u s  
t i s s u e  s i t e s  ( H i l l  and Gr ubbs ,  1982 ) .  T here  a r e ,  h o w e v e r ,  d o c u m e n t e d  
n e g a t i v e  e f e c t s  o f  r e t i n o i d s .
B i o c h e m i c a l  f i n d i n g s  i n  a number  o f  human s t u d i e s  a l s o  s u g g e s t  an 
a s s o c i a t i o n  b e t w e e n  l o w  s e r u m  r e t i n o l  c o n c e n t r a t i o n  a n d  c a n c e r .  
F u r t h e r m o r e ,  e p i d e m i o l o g i c a l  d i e t a r y  s t u d i e s  h a v e  h i g h l i g h t e d  a 
p o s s i b l e  l i n k  b e t w e e n  d i e t a r y  r e t i n o l  o r  c a r o t e n o i d s  a n d  c a n c e r .  
A g a i n  t h e r e  a r e  i s o l a t e d  s t u d i e s  i n  w h i c h  l o w e r  i n t a k e  o r  b l o o d  
c o n c e n t r a t i o n s  w e r e  n o t  f o u n d  ( B a s u  e t  a l . , 1 9 7 4 ;  C o h e n  e t  a l . , 1 9 7 7 )  
o r  t h e  o p p o s i t e  was f o u n d  ( R e n s b u r g  e t  a l . ,  1 9 8 1 ;  Graham et a l . , 1983).
In  t h e  p r e s e n t  s t u d y  l o w e r  se ru m  c o n c e n t r a t i o n s  o f  r e t i n o l ,  and  
a s s o c i a t e d  f a c t o r s  w e r e  f o u n d  i n  p a t i e n t s  w i t h  c e r v i c a l  c a n c e r  a n d  
s a r c o m a s ,  bu t  n o t  i n  p a t i e n t s  w i t h  CIN, MM, e n d o m e t r i a l  c a r c i n o m a  o r  
t r a n s i t i o n a l  c e l l  c a r c i n o m a  o f  t h e  b l a d d e r  w h e n  c o m p a r e d  w i t h  
c o n t r o l s .  The d i f f e r e n c e s  w e r e  m o s t  marked  i n  p a t i e n t s  w i t h  a d v a n c e d  
d i s e a s e  o r  p o o r  o u t c o m e .  Lo w er  se ru m c o n c e n t r a t i o n s  o f  c a r o t e n o i d s  
w e r e  f o u n d  i n  c e r v i c a l  and  e n d o m e t r i a l  c a n c e r ,  s a r c o m a s  and MM t h a n  i n  
c o n t r o l s .  E s t i m a t i o n  o f  d i e t a r y  r e t i n o l ,  b e t a  c a r o t e n e  a n d  t o t a l  
r e t i n o l  e q u i v a l e n t s  r e v e a l e d  t h a t  v i t a m i n  A d e f i c i e n c y  d i d  n o t  o c c u r  
i n  any  o f  th e  g r o u p s  s t u d i e d .  F u r t h e r e m o r e ,  t h e r e  w e r e  no  s i g n i f i c a n t  
d i f f e r e n c e s  i n  t o t a l  r e t i n o l  i n t a k e  ( r e t i n o l  e q u i v a l e n t s )  b e t w e e n  
p a t i e n t s  and c o n t r o l s .  E x a m i n a t i o n  o f  p a t t e r n s  o f  f o o d  c o n s u m p t i o n  
r e v e a l e d  a number o f  d i f f e r e n c e s  i n  f o o d  c o n s u m p t i o n  p a t t e r n s  b e t w e e n
T h e r e  a r e  s i m i l a r i t i e s  b e t w e e n  t h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d i e s  
a n d  s o m e  o f  t h e  p r e v i o u s l y  r e p o r t e d  s t u d i e s .  T h e r e  a r e ,  h o w e v e r ,  
n o t a b l e  d i f f e r e n c e s  -  t h e  m a j o r i t y  o f  r e t r o s p e c t i v e  s t u d i e s  h a ve  f o u n d  
l o w e r  b l o o d  r e t i n o l  a n d  c a r o t e n o i d  c o n c e n t r a t i o n s  a n d  i n d i c e s  o f  
d i e t a r y  r e t i n o l  o r  c a r o t e n o i d  i n t a k e  i n  a w i d e  r a n g e  o f  m a l i g n a n c i e s .  
The c o n t r a s t i n g  r e s u l t s  i n  t h e  p r e s e n t  s t u d y  and p r e v i o u s  s t u d i e s  may 
b e  r e a l  d i f f e r e n c e s  o r  may h a v e  a r i s e n  b e c a u s e  o f  d i f f e r e n t  s t u d y  
d e s i g n .  I t  i s  t h e r e f o r e ,  i m p o r t a n t  t o  c o n s i d e r  h ow  t h e  d i f f e r e n c e s  
b e t w e e n  t h e  p r e s e n t  s t u d y  and p r e v i o u s  s t u d i e s  may h a v e  a r i s e n .
Control Group.
M o s t  o f  t h e  i n v e s t i g a t i o n s  p e r f o r m e d  h a v e  b e e n  c a s e  c o n t r o l  
s t u d i e s .  T h a t  i s ,  p a t i e n t s  w i t h  c a n c e r  h a v e  b e e n  m a t c h e d  w i t h  
i n d i v i d u a l s  who show no  e v i d e n c e  o f  m a l i g n a n c y .  I t  i s  common p r a c t i c e  
t o  r e c r u i t  v o l u n t e e r s  f r o m  h o s p i t a l  o r  u n i v e r s i t y  p e r s o n n e l  o r  b l o o d  
d o n o r s  a s  a c o n t r o l  g r o u p  ( W a h i  jet  a l . , 1 9 6 2 ;  C h a u d h y  -et a l . ,  1 9 8 0 ;  
B a s u  ejt a l . , 1 9 8 2 ;  Mahmou d a n d  R o b i n s o n ,  1 9 8 2 ;  B i c h l e r  <it a l . , 1 9 8 3 ;  
M e l l o w  ejt a l . ,  193 3 ) .  In  t h e  c e r v i c a l  and e n d o m e t r i a l  c a n c e r  s t u d y  we 
r e c r u i t e d  v o l u n t e e r s  t o  a c t  a s  on e  o f  t h e  c o n t r o l  g r o u p s .  P e o p l e  who 
v o l u n t e e r  t o  p a r t i c i p a t e  i n  s t u d i e s  may n o t  be  r e p r e s e n t a t i v e  o f  t h e  
p o p u l a t i o n  f r o m  w h i c h  t h e y  a r e  d r a w n .  F u r t h e r m o r e ,  h o s p i t a l  o r  
u n i v e r s i t y  p e r s o n n e l  may n o t  b e  r e p r e s e n t a t i v e  o f  t h e  g e n e r a l  
p o p u l a t i o n .  Thus  d i f f e r e n c e s  o b s e r v e d  may m e r e l y  r e f l e c t  a n o n  
r e p r e s e n t a t i v e  c o n t r o l  g r o u p  o r  t h e  e f f e c t  o f  h e a l t h  a g a i n s t  i l l  
h e a l t h .  The v o l u n t e e r s  we r e c r u i t e d  had m a r k e d l y  h i g h e r  c o n s u m p t i o n  
o f  b e t a  c a r o t e n e - c o n t a i n i n g  f o o d s .  L o w e r  mea t  and f a t  c o n s u m p t i o n  was  
a l s o  m o r e  c o m m o n .  A d i e t  l o w  i n  m e a t  a n d  f a t  a n d  h i g h  i n  f r u i t  and  
v e g e t a b l e  i s  c u r r e n t l y  h e l d  t o  be  more  h e a l t h y  t h a n  t h e  a v e r a g e  d i e t
cases and controls.
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c o n s u m e d  i n  t h e  U n i t e d  K i n g d o m .  I t  i s  t h e r e f o r e  l i k e l y  t h a t  t h e  
v o l u n t e e r s  w e r e  mor e  h e a l t h  c o n s c i o u s  t h a n  t h e  g e n e r a l  p u b l i c  and may 
t h e r e f o r e  be an i n a p p r o p r i a t e  c o n t r o l  g r o u p .  I t  i s  w o r t h  n o t i n g  t h a t  
f o r  s e v e r a l  p a r a m e t e r s  t h e  d i f f e r e n c e s  b e t w e e n  t h e  t w o  c o n t r o l  g r o u p s  
w e r e  l a r g e r  th an  b e t w e e n  t h e  NMG c o n t r o l s  and c e r v i c a l  o r  e n d o m e t r i a l  
c a n c e r  p a t i e n t s .  Basu et: a l . ,  ( 1 9 8 2 )  u s e d  v o l u n t e e r s  a s  c o n t r o l s  i n  a 
s t u d y  o f  r e t i n o l  and  RBP i n  p a t i e n t s  w i t h  m y e l o m a t o s i s  and  c a n c e r  o f  
e p i t h e l i a l  o r i g i n .  Serum r e t i n o l  was s i g n i f i c a n t l y  h i g h e r  i n  c o n t r o l s  
t h a n  p a t i e n t s .  A f u r t h e r  c o m p l i c a t i o n  i n  t h i s  s t u d y  w a s  t h a t  t h e  
c o n t r o l s  and  p a t i e n t s  w e r e  v e r y  p o o r l y  a g e  m a t c h e d ,  w i t h  t h e  mean a g e  
o f  c o n t r o l s  l o w e r  t h a n  t h e  y o u n g e s t  p a t i e n t  w i t h  m y e l o m a t o s i s .  
F u r t h e r m o r e ,  a l l  t h e  p a t i e n t s  w e r e  u n d e r g o i n g  c h e m o t h e r a p y  w h i c h  i s  
co m m o n l y  a s s o c i a t e d  w i t h  a d v e r s e  r e a c t i o n s  t h a t  may a f f e c t  n u t r i t i o n a l  
s t a t u s  ( D i c k e r s o n ,  1 9 8 1 ) .  I t  i s  t h e r e f o r e ,  n o t  p o s s i b l e  t o  d r a w  
m e a n i n g f u l  c o n c l u s i o n s  f r o m  t h i s  w o r k .  C h a u d h y  £ t  a l . , ( 1 9 8 0 )  
c a r e f u l l y  m a t c h e d  p a t i e n t s  w i t h  h e a l t h y  p e o p l e .  The y  o b s e r v e d  l o w e r  
p l a s m a  r e t i n o l  a n d  c a r o t e n o i d s  i n  t h e  c a n c e r  p a t i e n t s .  H o w e v e r ,  a s  
t h e  c o n t r o l s  w e r e  h e a l t h y  i t  i s  n o t  p o s s i b l e  t o  s a y  t h a t  t h e  
d i f f e r e n c e  w a s  d e f i n i t e l y  r e l a t e d  t o  c a n c e r  a n d  n o t  a m o r e  g e n e r a l  
e f f e c t  o f  i l l  h e a l t h .  U se  o f  a  h e a l t h y  c o n t r o l  g r o u p  b y  n o  m e a n s  
a c c o u n t s  f o r  t h e  d i f f e r e n c e s  i n  a l l  t h e  s t u d i e s .  Many hav e  u s e d  mo re  
a p p r o p r i a t e  c o n t r o l s  o r  a d d i t i o n a l ,  c o n t r o l s  s u c h  a s  p a t i e n t s  w i t h  n o n  
m a l i g n a n t  d i s e a s e s  ( A b e l s  et_ a l . , 1 9 4 1 ;  A t u k o r a l a  ej :  a l . , 1 9 7 9 ;  
M e l l o w  ejt a l . , 1 9 8 3 ) .
Estimation of Dietary Vitamin A Intake.
I n  c o n t r a s t  t o  t h e  p r e s e n t  s t u d i e s ,  b o t h  r e t r o s p e c t i v e  a n d  
p r o s p e c t i v e  s t u d i e s  o f  d i e t a r y  i n t a k e  have  f o u n d  t h a t  l o w e r  i n d i c e s  o f  
v i t a m i n  A w e r e  a s s o c i a t e d  w i t h  i n c r e a s e d  r i s k  o f  c a n c e r  a t  v a r i o u s
s i t e s  i n c l u d i n g  t h e  o e s o p h a g u s ,  l u n g  a n d  b l a d d e r .  H o w e v e r ,  t h e  
o b s e r v a t i o n s  must  be  i n t e r p r e t e d  w i t h  c a u t i o n .  E s t i m a t i o n  o f  d i e t a r y  
r e t i n o l  and b e t a  c a r o t e n e  i s  f r a u g h t  w i t h  d i f f i c u l t y  and many o f  t h e  
s t u d i e s  p e r f o r m e d  h a v e  m a j o r  l i m i t a t i o n s .
B j e l k e  ( 1 9 7 5 )  p e r f o r m e d  o n e  o f  t h e  f i r s t  p r o s p e c t i v e  s t u d i e s  o f  
v i t a m i n  A a n d  l u n g  c a n c e r .  The  men s t u d i e d  r e p o r t e d  t h e i r  c i g a r e t t e  
s m o k i n g  i n  1964  and r e t u r n e d  a d i e t a r y  q u e s t i o n n a i r e  i n  1967.  Use o f  
a p r o s p e c t i v e  d e s i g n  r e m o v e d  t h e  b i a s  t h a t  w a s  i n t r o d u c e d  w h e n  
p a t i e n t s  a l r e a d y  have  c a n c e r .  H o w e v e r ,  t h e  i n d e x  u s e d  was  v e r y  c r u d e  
as  m a j o r  s o u r c e s  o f  v i t a m i n  A s u c h  a s  l i v e r ,  b u t t e r ,  c h e e s e ,  m a r g a r i n e  
and v i t a m i n  p i l l s  w e r e  n o t  i n c l u d e d  i n  t h e  q u e s t i o n n a i r e .  T he s e  f o o d  
i t e m s  a l o n e  ( e x c l u d i n g  v i t a m i n  p i l l s )  a c c o u n t  f o r  o v e r  h a l f  o f  t h e  
a v e r a g e  v i t a m i n  A i n t a k e  i n  t h e  UK ( M . A . F . F . ,  1 9 8 3 ) .  F u r t h e r e m o r e ,  
e s t i m a t e s  o f  u s u a l  p o r t i o n s  u s e d  w e r e  n o t  made. I t  i s  c l e a r  f r o m  t h e  
p r e s e n t  s t u d i e s  t h a t  i n d i v i d u a l s '  u s u a l  p o r t i o n  o f  f o o d s  s u c h  a s  l i v e r  
a n d  c a r r o t s ,  f o o d s  t h a t  a c c o u n t  f o r  m o r e  t h a n  50% o f  t h e  a v e r a g e  
v i t a m i n  A c o n s u m p t i o n  i n  t h e  UK, v a r y  s u b s t a n t i a l l y .  I n d e e d ,  i n  t h e  
b l a d d e r  s t u d y ,  t h e  p o r t i o n  s i z e  r e p o r t e d  f o r  c a r r o t s  r a n g e d  f r o m  2 0 -  
1 2 0 g  a n d  f o r  l i v e r  f r o m  2 8 - 2 2 0 g .  F u r t h e r  w o r k  b y  B j e l k e ' s  g r o u p  
c o n f i r m  t h e i r  p r e v i o u s  f i n d i n g  t h a t  an  i n d e x  o f  " v i t a m i n  A" i n t a k e  and 
m i l k  a n d  c a r r o t  c o n s u m p t i o n  w a s  n e g a t i v e l y  a s s o c i a t e d  w i t h  r i s k  o f  
l u n g  c a n c e r  ( K v a l e  <et a l ,  1 9 8 3 ) .  A l t h o u g h  m i l k  a n d  c a r r o t s  a r e  
i m p o r t a n t  s o u r c e s  o f  v i t a m i n  A,  i t  w o u l d  be  e r r o n e o u s  t o  asume on  t h e  
b a s i s  o f  t h i s  e v i d e n c e  t h a t  t h e  r e d u c e d  r i s k ,  i f  a t r u e  r i s k ,  w a s  
a s s o c i a t e d  w i t h  v i t a m i n  A r a t h e r  t h a n  some o t h e r  c o n s t i t u e n t  o f  m i l k  
a n d  c a r r o t s .  I t  i s  c o n c e i v a b l e  t h a t  i n d i v i d u a l s ,  w h i l s t  c o n s u m i n g  
l i t t l e  l i q u i d  m i l k ,  may have  c o n s u m e d  l a r g e r  a m o u n ts  o f  o t h e r  d a i r y  
p r o d u c e .
T h e  r e l a t i o n s h i p  b e t w e e n  d i e t  a nd  c a n c e r  h a s  b e e n  w i d e l y  
i n v e s t i g a t e d  i n  r e t r o s p e c t i v e  s t u d i e s  by  w o r k e r s  a t  R o s w e l l  P a r k  
M e m o r i a l  I n s t i t u t e .  An a s s o c i a t i o n  b e t w e e n  a n  i n d e x  o f  v i t a m i n  A 
i n t a k e  h a s  b e e n  f o u n d  i n  a w i d e  r a n g e  o f  m a l i g n a n c i e s  i n c l u d i n g  
c a n c e r  o f  t h e  b l a d d e r ,  l u n g ,  c e r v i x ,  b r e a s t ,  a n d  l a r y n x .  I n  s e v e r a l  
o f  t h e s e  s t u d i e s ,  m i l k  a n d  c a r r o t  c o n s u m p t i o n  w a s  a l s o  n e g a t i v e l y  
a s s o c i a t e d  w i t h  r i s k  o f  c a n c e r .  No a l t e r a t i o n  o f  r i s k  w a s  s e e n  f o r  
c a n c e r  o f  t h e  c o l o n  o r  r e c t u m  a n d  h i g h  " v i t a m i n  A"  i n t a k e  w a s  
a s s o c i a t e d  w i t h  i n c r e a s e d  r i s k  o f  p r o s t a t e  c a n c e r  ( G r a h a m  ejt a l . , 
1 9 8 3 ) .  A g a i n  t h e  m e t h o d  e m p l o y e d  w a s  c r u d e .  The  q u e s t i o n n a i r e  w a s  
n o t  d e s i g n e d  s p e c i f i c a l l y  t o  c o n s i d e r  v i t a m i n  A and s o  m a j o r  s o u r c e s  
o f  r e t i n o l  w e r e  n o t  i n c l u d e d .  R e c e n t l y  P e t o  e t  a l .  ( 1 9 8 1 )  s u g g e s t e d  
t h a t  t h e  i n d e x  was mor e  a p t l y  e n t i t l e d  a b e t a  c a r o t e n e  i n d e x .  As w i t h  
B j e l k e s '  s t u d i e s  p o r t i o n  s i z e  w a s  n o t  e s t i m a t e d .  A f u r t h e r  
l i m i t a t i o n  was t h a t  s u b j e c t s  w e r e  a s k e d  t o  e s t i m a t e  t h e i r  c o n s u m p t i o n  
o f  s e l e c t e d  f o o d  i t e m s  o n e  y e a r  p r i o r  t o  o n s e t  o f  s y m p to m s  a s s o c i a t e d  
w i t h  t h e i r  c u r r e n t  d i s e a s e ,  i n  a n  a t t e m p t  t o  d i s s o c i a t e  a n y  e f f e c t s  
t h a t  t h i s  h a d  u p o n  t h e i r  f o o d  i n t a k e .  Many o f  t h e  p a t i e n t s  i n  o u r  
s t u d y  o f  c e r v i c a l  a n d  e n d o m e t r i a l  c a n c e r  h a d  s y m p t o m s  f o r  s e v e r a l  
y e a r s  b e f o r e  t h e y  s o u g h t  m e d i c a l  h e l p .  T h i s  may w e l l  b e  t r u e  o f  
p a t i e n t s  w i t h  o t h e r  c a n c e r s .  T h u s ,  t h e  R o s w e l l  P a r k  g r o u p  r e q u i r e d  
t h e i r  p a r t i c i p a n t s  t o  r e c a l l  i n t a k e  f r o m  a t  l e a s t  o n e  y e a r  a n d  
p o s s i b l y  s e v e r a l  y e a r s  e a r l i e r .  I t  i s  a m a t t e r  o f  s p e c u l a t i o n  h ow  
a c c u r a t e  r e c a l l  w o u l d  be  o v e r  t h i s  t i m e  span.
O f  a l l  t h e  c a n c e r  s i t e s ,  l u n g  c a n c e r  h a s  b e e n  t h e  m o s t  w i d e l y  
i n v e s t i g a t e d .  S h e k e l l e  <at a l .  ( 1 9 8 1 )  p e r f o r m e d  a d e t a i l e d  p r o s p e c t i v e  
s t u d y  i n  1 9 5 4  m i d d l e  a g e d  me n .  T o t a l  v i t a m i n  A i n t a k e  w a s  n o t  
a s s o c i a t e d  w i t h  r i s k  o f  c a n c e r  a t  a n y  s i t e .  R e t i n o l  a n d  c a r o t e n e
i n d i c e s  w e r e  c o n s t r u c t e d  f r o m  t h e  d a t a .  R i s k  o f  l u n g  c a n c e r  w a s  
s i g n i f i c a n t l y  i n c r e a s e d  by  c o n s u m p t i o n  o f  a l o w  i n d e x  o f  c a r o t e n e .  
H o w e v e r ,  t h e  o r i g i n a l  d e t a i l e d  d a t a  was  n o t  a v a i l a b l e  f o r  c o n s t r u c t i o n  
o f  t h e  i n d e x  w h i c h  w a s  b a s e d  o n  f o o d  p r o f i l e  s c o r e s  ( i n  t h e  r a n g e  0 -  
3 ) .  E a c h  f o o d  i t e m  w a s  g i v e n  a u n i t  o f  m e a s u r e m e n t  a n d  t h e  v i t a m i n  A 
c o n t e n t  o f  e a c h  u n i t  was c a l c u l a t e d  f r o m  f o o d  t a b l e s .  Food  p r o f i l e s  
w e r e  d e f i n e d  by  a r a n g e  o f  v a l u e s  b u t  i n  c o n s t r u c t i n g  t h e  i n d e x  t h e  
r a n g e  f o r  e a c h  s c o r e  w a s  r e p l a c e d  b y  a s i n g l e  v a l u e .  The  a m o u n t  o f  
r e t i n o l  ( R )  w a s  e s t i m a t e d  by  m u l t i p l y i n g  t h e  a m o u n t  o f  r e t i n o l  p e r  
u n i t  o f  f o o d  by t h e  n u m b e r  o f  u n i t s  c o n s u m e d ,  b a s e d  o n  t h e  s i n g l e  
v a l u e  u s e d  i n  t h e  f o o d  p r o f i l e .  C a r o t e n e  ( C )  w a s  e s t i m a t e d  i n  t h e  
s a m e  w a y .  The  p r o p o r t i o n a l  c o n t r i b u t i o n  o f  r e t i n o l ,  R / ( R + C )  w a s  
m u l t i p l i e d  by  t h e  i n t a k e  o f  t o t a l  v i t a m i n  A e s t i m a t e d  p r e v i o u s l y  by 28  
d a y  d i e t  h i s t o r y .  The  c a r o t e n e  i n d e x  w a s  c a l c u l a t e d  b y  s u b t r a c t i n g  
t h e  r e t i n o l  i n d e x  f r o m  t o t a l  v i t a m i n  A ( 2 8  d a y  d i e t  h i s t o r y ) .  T h u s  
m a j o r  m a n i p u l a t i o n s  w e r e  n e c e s s a r y  b e f o r e  t h e  i n d i c e s  c o u l d  b e  
c o n s t r u c t e d .  T h i s  may w e l l  hav e  i n t r o d u c e d  s u b s t a n t i a l  e r r o r s .  F o r  
e x a m p l e  th e  d i f f e r e n c e  b e t w e e n  a  v e g e t a b l e  p r o f i l e  o f  1 o r  2 c o u l d  be  
a s  l a r g e  a s  8 3  u n i t s  o r  a s  s m a l l  a s  1 u n i t .  F u r t h e r m o r e  a l l  
v e g e t a b l e s  w e r e  g r o u p e d  t o g e t h e r .  T h i s  may h a v e  i n t r o d u c e d  s e r i o u s  
e r r o r s  as  t h e  c a r o t e n e  c o n t e n t  o f  t h e  v e g e t a b l e s  i n c l u d e d  r a n g e  f r o m  
t r a c e  l e v e l s  i n  b e e t s ,  a u b e r g i n e s  and o n i o n s  up t o  1 2 , 0 0 0  p g / l O O g  i n  
c a r r o t s  ( b a s e d  o n  v a l u e s  f r o m  P aul  and  S o u t h g a t e ,  1 9 7 8 } .  Thus,  i t  i s  
p o s s i b l e  t h a t  an  i n d i v i d u a l  c o u l d  h a v e  a h i g h  i n d e x  d e s p i t e  n e g l i g i b l e  
c o n s u m p t i o n  o f  c a r o t e n e - c o n t a i n i n g  v e g e t a b l e s .  A m o r e  a p p r o p r i a t e  
i n t e r p r e t a t i o n  o f  t h e  d a t a  may be  t h a t  i n d i v i d u a l s  who s u b s e q u e n t l y  
d e v e l o p e d  l u n g  c a n c e r  c on su m ed  l e s s  f r u i t  and v e g e t a b l e s .  The f a c t o r  
o f  i m p o r t a n c e  may o r  may n o t  b e  c a r o t e n e .  I n d e e d ,  i t  s h o u l d  b e
r e m e m b e r e d  t h a t  a s s o c i a t i o n  d o e s  n o t  i m p l y  c a u s a t i o n  -  i t  may be  t h a t  
h i g h e r  c o n s u m p t i o n  o f  v e g e t a b l e s  a c t  a s  a m a r k e r  f o r  s o m e  o t h e r  
b e n e f i c i a l  h a b i t .
F u r t h e r  e v i d e n c e  f o r  a p r o t e c t i v e  f a c t o r  i n  f r u i t s  and v e g e t a b l e s  
was p r o v i d e d  by Modan ejt a l .  ( 1 9 8 1 ) .  They f o u n d  l o w e r  c o n s u m p t i o n  o f  
m e l o n ,  t o m a t o e s ,  r e d  a n d  g r e e n  p e p p e r s ,  o r a n g e s ,  p e a c h e s  a n d  w a t e r  
m e l o n  i n  p a t i e n t s  w i t h  g a s t r o  i n t e s t i n a l  ( G I )  c a r c i n o m a  b u t  n o  
e v i d e n c e  o f  l o w e r  c o n s u m p t i o n  o f  t o t a l  c a r o t e n e ,  b a s e d  u p o n  f o o d  
f r e q u e n c y  d u r i n g  t h e  t i m e  o f  y e a r  w h e n  t h e  f o o d  w a s  a v a i l a b l e ,  o n e  
y e a r  p r i o r  t o  i l l n e s s .  R e l a t i v e  r i s k  o f  GI c a n c e r  w a s  i n c r e a s e d  by  
h i g h e r  c o n s u m p t i o n  o f  e g g s ,  s o u r  c r e a m  a n d  b u t t e r .  Tw o g r o u p s  o f  
c o n t r o l s  w e r e  u s e d  i n  t h i s  s t u d y .  T he  f i r s t  w e r e  s u r g i c a l  p a t i e n t s  
f r e e  f r o m  GI d i s e a s e  o r  c a n c e r  and t h e  s e c o n d ,  n e i g h b o u r h o o d  c o n t r o l s .  
I t  i s  p o s s i b l e  t h a t  t h e  d i f f e r e n c e s  o b s e r v e d  may h a v e  o c c u r r e d  a s  a 
r e s u l t  o f  t h e  d i s e a s e  a s  m i l d  GI s y m p t o m s  may h a v e  p r e c e d e d  t h e  
d i s e a s e  f o r  some t i m e  and p e o p l e  co m m o nl y  r e d u c e  f r u i t  and v e g e t a b l e  
i n t a k e  i n  t h e s e  c o n d i t i o n s .
S t u d i e s  l i n k i n g  " v i t a m i n  A" a n d  c a n c e r  h a v e  f o r  t h e  m o s t  p a r t  
s h o w n  an a s s o c i a t i o n  b e t w e e n  f r u i t  and  v e g e t a b l e  s o u r c e s  ( P e t o  e t  a l . ,
19 8 1 ) .  In  c o n t r a s t  G r e g o r  £ t  a l .  ( 1 9 8 0 )  f o u n d  l o w  r e t i n o l  c o n s u m p t i o n  
i n  m a l e  p a t i e n t s  w i t h  l u n g  c a n c e r  when m a t c h e d  w i t h  c o n t r o l s .  T h i s  
wa s  m a i n l y  due  t o  l o w  l i v e r  and  v i t a m i n  p i l l  c o n s u m p t i o n .  F e m a l e  l u n g  
c a n c e r  c a s e s  c on su m ed  m or e  but  n o t  s i g n i f i c a n t l y  m o r e ,  r e t i n o l .  The 
i n t a k e  o f  r e t i n o l  f r o m  m i l k ,  c a r r o t s  and  e g g s ,  b u t t e r  and  m a r g a r i n e  o r  
g r e e n  v e g e t a b l e s  was no  d i f f e r e n t  f r o m  c o n t r o l s  w i t h  t h e  e x c e p t i o n  o f  
f e m a l e  c a s e s  w h o s e  i n t a k e  o f  b u t t e r  o r  m a r g a r i n e  w a s  h i g h e r  t h a n  
c o n t r o l s ' .  The m e t h o d  e m p l o y e d  i s  m o r e  l i k e l y  t o  g i v e  a t r u e  
r e f l e c t i o n  o f  v i t a m i n  A i n t a k e  a s  a l l  m a j o r  s o u r c e s  w e r e  i n c l u d e d ,  and
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i n d i v i d u a l s  w e r e  q u e s t i o n e d  a b o u t  t h e i r  c u r r e n t  and p r e v i o u s  ( 2 0  y e a r s  
a g o )  c o n s u m p t i o n  and p e r s o n a l  p r e f e r e n c e  f o r  m a j o r  s o u r c e s  o f  v i t a m i n  
A,  d a i l y  f o o d  p a t t e r n ,  t h e  n a t u r e  a n d  d u r a t i o n  o f  a n y  s p e c i a l  d i e t s ,  
a n d  e v e n t s  i n  a d u l t  l i f e  t h a t  h a d  m a r k e d l y  c h a n g e d  t h e i r  e a t i n g  
h a b i t s .  S m i t h  and d i c k  (1978) -  a l s o  f o u n d  l o w e r  c o n s u m p t i o n  o f  v i t a m i n  
A p i l l s  i n  m a l e  c a n c e r  p a t i e n t s .  O v e r a l l  t h e r e  w a s  n o  s i g n i f i c a n t  
e f f e c t .  I n d e e d ,  a h i g h  p r o p o r t i o n  o f  women w i t h  c e r v i c a l  c a n c e r  (32%) 
co n su m ed  v i t a m i n  A s u p p l e m e n t s .  F u r t h e r m o r e ,  m o s t  o f  t h e  s u p p l e m e n t s  
u s e d  c o n t a i n e d  o t h e r  v i t a m i n s  a n d  s o  a n y  e f f e c t  may n o t  b e  s p e c i f i c  
f o r  v i t a m i n  A.  I n d e e d ,  p e o p l e  who  t a k e  s u p p l e m e n t s  may h a v e  o t h e r  
c h a r a c t e r i s t i c s  t h a t  may r e d u c e  t h e i r  r i s k  o f  c a n c e r .
Cohen e t  a l .  ( 1 9 7 7 )  i n  one  o f  t h e  f e w  s t u d i e s  t h a t  h a v e  m e a s u r e d  
b o t h  b l o o d  r e t i n o l  a n d  d i e t a r y  i n t a k e  f o u n d  t h a t  42% o f  l u n g  c a n c e r  
p a t i e n t s  had i n t a k e s  b e l o w  t h e  r e co m m e nd e d  d i e t a r y  a l l o w a n c e  (RDA) bu t  
f o u n d  no  e v i d e n c e  o f  l o w  seru m r e t i n o l .  The m e d i a n  i n t a k e  o f  t h e s e  18 
i n d i v i d u a l s  was 8 7 1 p g / d a y  ( r a n g e  4 9 4 - 1 3 8 1 ; u g / d a y  ) .  The  A m e r i c a n  RDA 
i s ,  a n d  w a s ,  o n e  o f  t h e  h i g h e s t  i n  t h e  w o r l d  ( T r u s w e l l  e £  a l . ,  1 9 8 3 )  
and  t h e .  m e d i a n  i n t a k e  o f  t h e s e  i n d i v i d u a l s  w i t h  " l o w "  i n t a k e  i s  a b o v e  
t h e  c u r r e n t  UK RDA. T he  r e s u l t s  o f  t h e  s t u d y  a r e  h o w e v e r ,  a l m o s t  
i m p o s s i b l e  t o  i n t e r p r e t  a s  no  c o n t r o l  g r o u p  was i n c l u d e d .  I t  i s  a l s o  
q u e s t i o n a b l e  w h e t h e r  a  r e c o r d  o f  f o o d  i n t a k e  i n  h o s p i t a l  w o u l d  r e f l e c t  
u s u a l  c o n s u m p t i o n .
E s t i m a t e s  o f  a s s o c i a t i o n  b e t w e e n  c a n c e r  r i s k  and d i e t  i s  f u r t h e r  
c o m p l i c a t e d  by  t h e  v a r i a b i l i t y  o f  a n  i n d i v i d u a l ' s  d i e t .  L i t t l e  
i n f o r m a t i o n  o n  t h e  s t a b i l i t y  o f  f o o d  p a t t e r n s  i s  a v a i l a b l e .  M o s t  
s t u d i e s  t h a t  hav e  m ea su re d  f o o d  i n t a k e  o v e r  a p e r i o d  o f  y e a r s ,  w h i l s t  
t h e y  may be  a p p l i c a b l e  t o  e n e r g y  i n t a k e ,  a r e  o f  l i t t l e  v a l u e  f o r  
v i t a m i n  A i n t a k e  b e c a u s e  t h e y  a r e  m a i n l y  b a s e d  on  24 h r  r e c a l l .  T h i s
m e t h o d  i s  u n s u i t a b l e  f o r  v i t a m i n  A b e c a u s e  o f  t h e  l a r g e  d a y  t o  d a y  
v a r i a t i o n  i n  v i t a m i n  A i n t a k e .  S t a n t o n  and E x t o n - S m i t h  ( 1 9 7 0 )  m e a s u r e d  
f o o d  i n t a k e  u s i n g  s e v e n  day  w e i g h e d  i n t a k e  i n  a l o n g i t u d i n a l  s t u d y  o f  
e l d e r l y  w o m e n  l i v i n g  a l o n e .  F o o d  i n t a k e  w a s  m e a s u r e d  i n  1 9 6 2  a n d  
a g a i n  i n  1 9 6 9 .  T h e y  f o u n d  t h a t  f o o d  i n t a k e  w a s  m a i n t a i n e d  i n  t h o s e  
i n d i v i d u a l s  w h o s e  h e a l t h  d i d  n o t  d e t e r i o r a t e .  V i t a m i n  A i n t a k e  was 
n o t  d e t e r m i n e d  bu t  i n f o r m a t i o n  on s e l e c t e d  f o o d s  was p r o v i d e d .  I n t a k e  
o f  c i t r u s  f r u i t ,  o t h e r  f r u i t s  a n d  g r e e n  v e g e t a b l e s  d e c r e a s e d  w h i l e  
c o n s u m p t i o n  o f  r o o t  v e g e t a b l e s  i n c r e a s e d .  T h u s  i t  i s  p o s s i b l e  t h a t  
v i t a m i n  A i n t a k e  was  s i m i l a r  on  t h e  t w o  o c c a s i o n s  bu t  was  d e r i v e d  f r o m  
d i f f e r e n t  f o o d s .  I t  i s  n o t  p o s s i b l e  t o  e s t i m a t e  how a p p l i c a b l e  t h i s  
i n f o r m a t i o n  i s  t o  y o u n g e r  i n d i v i d u a l s  a n d  i n d i v i d u a l s  l i v i n g  i n  
g r o u p s .  I t  i s  t h e r e f o r e ,  a m a t t e r  o f  s p e c u l a t i o n  w h e t h e r  a n  
i n d i v i d u a l ' s  e s t i m a t e d  d i e t a r y  i n t a k e  a t  o n e  t i m e  w o u l d  r e f l e c t  h i s  
d i e t  a t  any  o t h e r  t i m e  p o i n t .
I n f o r m a t i o n  o n  c h a n g e s  i n  t h e  n a t i o n ' s  d i e t  i s  p r o v i d e d  b y  t h e  
N a t i o n a l  Fo od  S u r v e y  (M.A.F.F.,  1 9 8 3 ) .  C o n s u m p t i o n  o f  v a r i o u s  v i t a m i n
A c o n t a i n i n g  f o o d s  h a s  c h a n g e d  o v e r  t h e  l a s t  3 0  y e a r s  ( t a b l e  2 6 ) .  
O v e r  t h e  s a m e  p e r i o d  t h e r e  h a s  b e e n  c o n s i d e r a b l e  i m p r o v e m e n t  i n  
s t o r a g e  f a c i l i t i e s .  I t  i s  e s t i m a t e d  t h a t  8% o f  h o u s e h o l d s  had  
r e f r i g e r a t o r s  i n  1 9 5 6 ,  33% i n  1 9 6 2 ,  86% i n  1 9 7 5  a n d  96% i n  1 9 8 0  
(MAFF,1982) .  T h e r e  ha s  b e e n  a  d r a m a t i c  r i s e  s i n c e  19-70 i n  t h e  number  
o f  p e o p l e  p o s s e s s i n g  a d e e p  f r e e z e  -  4% o f  p a r t i c i p a n t s  i n  t h e  
N a t i o n a l  Food  S u r v e y  had a  d e e p  f r e e z e  i n  1 9 70 ,  8% i n  1 9 72 ,  23% i n  
1975  and 46% i n  1980 .  Thus t h e  t y p e  and t h e  c o n d i t i o n  o f  f o o d s  e a t e n  
by  i n d i v i d u a l s  may h a v e  c h a n g e d  o v e r  t h e  l a s t  30 y e a r s .  Some  f o o d s  
r a r e l y  c o n s u m e d  i n  t h e  1 9 6 0 ' s  a r e  n o w  c o m m o n p l a c e  e g .  f r u i t  j u i c e .  
A v e r a g e  c o n s u m p t i o n  i n  1 9 7 0  w a s  0 . 5 9  f l  o z / p e r s o n / d a y , t h i s  r o s e  t o
221
CHANGES IN THE ANNUAL NATIONAL AVERAGE CONSUMPTION OF VITAMIN A RICH
TABLE 26.
FOODS (in oz/week unless otherwise stated).*
Food 1956 1962 1975 1980
T o t a l  m i l k  
( p i n t s )
4 . 8 3 4 . 9 5 4 . 7 6 4 . 1 6
T o t a l  c h e e s e 2 . 8 5 3 . 1 2 3 . 7 9 3 . 8 9
L i v e r 0 . 8 8 0 . 8 5 0 . 7 6 0 . 7 4
Eggs
(number co n s u m e d )
4 . 3 5 4 . 6 8 4 . 1 4 3 . 6 9
B u t t e r 4 . 7 0 6 . 2 0 5 . 6 3 4 . 0 5
M a r g a r i n e 4 . 4 8 3 . 1 5 2 . 6 0 3 . 8 3
T o t a l  g r e e n  v e g e t a b l e s 1 4 . 3 4 1 5 . 1 4 1 1 . 5 8 1 2 . 4 2
C a r r o t s 3 . 2 0 2 . 7 7 2 . 7 1 3 . 6 5
(M.A. F . F . ,  1967 and M.A . F . F . ,  :
1 . 3 3  f l  o z  i n  1 9 7 5  a n d  3 . 0 8  f l  o z  i n  1 9 8 0  (MAFF,  1 9 8 2 ) .  T he  t y p e s  o f  
f r u i t  and v e g e t a b l e s  a v a i l a b l e  and  t h e  demand f o r  t h e s e  p r o d u c t s  has  
i n c r e a s e d  i n  r e c e n t  y e a r s .  Thus t h e  p a t t e r n  o f  c o n s u m p t i o n  m e a s u r e d  
a t  o n e  t i m e  may n o t  r e f l e c t  t r u e  c o n s u m p t i o n  i n  t h e  p a s t .
I n  t h e  p r e s e n t  s t u d y  c e r v i c a l  and e n d o m e t r i a l  c a n c e r  p a t i e n t s  and 
c o n t r o l s  w e r e  a s k e d  i f  t h e y  had made any c h a n g e s  i n  t h e i r  u s u a l  f o o d  
p a t t e r n  i n  t h e  l a s t  f e w  m o n t h s .  Some i n d i v i d u a l s  a l s o  v o l u n t e e r e d  
i n f o r m a t i o n  on  mo re  l o n g  t e r m  c h a n g e s :  49% r e p o r t e d  t h a t  t h e y  had  made 
c h a n g e s  i n  t h e i r  d i e t  i n  t h e  l a s t  f e w  months  o r  o v e r  a l o n g e r  p e r i o d .  
I t  i s  d i f f i c u l t  t o  e s t i m a t e  w h a t  e f f e c t  t h i s  w o u l d  h a v e  o n  t h e i r  
n u t r i e n t  i n t a k e  b u t  i t  i s  a p p a r e n t  t h a t  a s u b s t a n t i a l  p r o p o r t i o n  o f  
p e o p l e  do v a r y  t h e i r  d i e t  f o r  a r a n g e  o f  r e a s o n s .  Some o f  t h e  f a c t o r s  
t h a t  c a n  i n d u c e  c h a n g e s  i n  d i e t  a r e  l i s t e d  i n  t a b l e  2 7 .  A l t h o u g h  a n  
i n d i v i d u a l ' s  l i k e s  and d i s l i k e s  may n o t  c h a ng e  i t  i s  l i k e l y  t h a t  o v e r  
a p e r i o d  o f  t i m e  h i s  f o o d  h a b i t s  w i l l .  I n d e e d ,  c o n c e r t e d  e f f o r t s  a r e  
n ow  b e i n g  made  by  v a r i o u s  h e a l t h  g r o u p s  t o  c h a n g e  i n d i v i d u a l  a n d  
n a t i o n a l  d i e t s .
S om e o f  t h e  many l i m i t a t i o n s  o f  d i e t a r y  s t u d i e s  h a v e  b e e n  
o u t l i n e d  a b o v e .  The m e t h o d s  u s e d  i n  t h e  p r e s e n t  s t u d y  a r e  a l s o  
l i m i t e d  b e c a u s e  t h e y  d o  n o t  c o n s i d e r  s e a s o n a l  d i f f e r e n c e s .  I t  w a s  
f e l t  t h a t  t h e  p r o b l e m s  i n h e r e n t  i n  e s t i m a t i n g  a n n u a l  c o n s u m p t i o n  o u t  
w e i g h  t h e  a d v a n t a g e s .  T he  p r e s e n t  s t u d i e s  p r o v i d e  n o  e v i d e n c e  o f  
v i t a m i n  A d e f i c i e n c y  i n  t h e  c a n c e r s  s t u d i e d .  F u r t h e r m o r e ,  e s t i m a t e d  
d i e t a r y  r e t i n o l ,  c a r o t e n e  o r  r e t i n o l  e q u i v a l e n t  i n t a k e  w e r e  n o t  l o w e r  
i n  c a n c e r  p a t i e n t s  t h a n  p a t i e n t s  w i t h  n o n  m a l i g n a n t  d i s e a s e .  Few 
d i f f e r e n c e s  i n  c o n s u m p t i o n  o f  f o o d  i t e m s  w e r e  f o u n d  when p a t i e n t s  w e r e  
c o m p a r e d  t o  a p p r o p r i a t e  c o n t r o l s .
I n  c e r v i c a l  c a n c e r  p a t i e n t s  s e r u m  r e t i n o l  a n d  c a r o t e n o i d
TABLE 27.
FACTORS THAT MAY INFLUENCE DIETARY FATTERNS.
CHANGES IN PRICE.
CHANGES IN INCOME.
CHANGES IN FAMILY STRUCTURE -  m a r r i a g e ,  d i v o r c e ,  c h i l d r e n  
a t t e n d i n g  s c h o o l ,  d e a t h  o f  s p o u s e ,  l i v i n g  w i t h  a r e l a t i v e .  
CHANGES IN SOCIAL STRUCTURE -  new j o b ,  r e d u n d a n c y ,  r e t i r e m e n t ,  
l i v i n g  a b r o a d .
MEDIA -  a d v e r t i z i n g ,  h e a l t h  f a c t o r s ,  d i e t i n g .
STORAGE FACILITIES.
CHANGES IN MOBILITY -  a b i l i t y  t o  s h o p  o r  grow f o o d .
CHANGES IN HEALTH -  e f f e c t  o f  d i s e a s e ,  e f f e c t  o f  t r e a t m e n t .
c o n c e n t r a t i o n s  w e r e  l o w e r  t h a n  c o n t r o l s ,  t h i s  was p a r t i c u l a r l y  t r u e  
f o r  p a t i e n t s  w i t h  a d v a n c e d  d i s e a s e .  T h i s  was n o t  due  t o  l o w  d i e t a r y  
i n t a k e  o f  r e t i n o l  o r  b e t a  c a r o t e n e .  I n d e e d ,  i n  n o n e  o f  t h e  g r o u p s  
s t u d i e d  was d i e t a r y  r e t i n o l  r e l a t e d  t o  se rum  r e t i n o l .  T h i s  was n o t  an 
u n e x p e c t e d  f i n d i n g  (Hume and K r e b s ,  1949;  W i l l e t t  e_t a l . ,  1 98 3 ) .
F u r t h e r  e v i d e n c e  t h a t  v i t a m i n  A d e f i c i e n c y  d o e s  n o t  o c c u r  i n  
c a n c e r  i s  p r o v i d e d  by s t u d i e s  on  l i v e r  r e s e r v e s  o f  r e t i n o l .  No s t u d y  
h a s  b e e n  s p e c i f i c a l l y  d e s i g n e d  t o  c o n s i d e r  l i v e r  r e s e r v e s  o f  c a n c e r  
p a t i e n t s ,  b u t  i n  s t u d i e s  o n  a u t o p s y  s a m p l e s ,  m a l i g n a n t  d i s e a s e s  a r e  
o n e  o f  t h e  b r o a d  c a t e g o r i e s  o f  p r i m a r y  c a u s e  o f  d e a t h  t h a t  hav e  b e e n  
u s e d .  One o f  t h e  f i r s t  and  m o s t  e x t e n s i v e  s t u d i e s  was p e r f o r m e d  by 
M o o r e  ( 1 9 3 7 ) .  The r e t i n o l  c o n t e n t  o f  a p p r o x i m a t e l y  1000  s p e c i m e n s  was 
d e t e r m i n e d .  I n  a l m o s t  a l l  d i s e a s e s  t h e  m e d i a n  v i t a m i n  A w a s  l o w e r  
t h a n  i n  a c c i d e n t a l  d e a t h .  M e d i a n  l i v e r  r e t i n o l  o f  t h e  1 1 2  c a n c e r  
p a t i e n t s  w a s  c o n s i d e r a b l y  h i g h e r  t h a n  m o s t  o t h e r  d i s e a s e  g r o u p s .  
M ed ia n  l i v e r  r e t i n o l  was  mor e  t h a n  50% l o w e r  i n  r e s p i r a t o r y  d i s e a s e ,  
s e p t i c  d i s e a s e s  and r e n a l  d i s e a s e  t h a n  i n  c a n c e r .
L i v e r  r e t i n o l  and  c a r o t e n e  was m e a s u r e d  by  R a l l i  et: a l .  ( 1 9 4 1 )  i n  
a s m a l l  g r o u p  o f  a u t o p s y  s a m p l e s .  R e t i n o l  and c a r o t e n e  c o n c e n t r a t i o n s  
w e r e  h i g h e s t  i n  d i s e a s e  f r e e  p e o p l e ;  mean r e t i n o l  was h i g h e r  i n  t h e  7 
p e o p l e  w i t h  m a l i g n a n t  c o n d i t i o n s  t h a n  i n  o t h e r  d i s e a s e  g r o u p s .  B o th  
r e t i n o l  a n d  c a r o t e n e  w e r e  l o w  i n  p a t i e n t s  wh o  d i e d  a s  a r e s u l t  o f  
c h r o n i c  i n f e c t i o n s  and l i v e r  d i s e a s e .  M i t c h e l l  jet a l .  ( 1 9 7 3 )  m e a s u r e d  
l i v e r  r e t i n o l  i n  a u t o p s y  s a m p l e s  f r o m  p e o p l e  i n  W a s h i n g t o n  D.C.. Mean 
r e t i n o l  w a s  h i g h e r  i n  t h e  5 3  c a n c e r  p a t i e n t s  t h a n  i n  5 8  a c c i d e n t  
v i c t i m s  and m ed ia n r e t i n o l  was no d i f f e r e n t .  M ed ia n  r e t i n o l  was l o w e r  
t han  a c c i d e n t  v i c t i m s  i n  l e u k a e m i a  and c o n s i d e r a b l y  l o w e r  i n  h e p a t i c  
d i s e a s e .  The l i v e r  r e s e r v e s  o f  p e o p l e  i n  New Z e a l a n d  was e x a m i n e d  by
S m i t h  a n d  M a l t h u s  ( 1 9 6 2 ) .  A c c i d e n t  v i c t i m s  a n d  t h o s e  w h o  d i e d  a s  a 
r e s u l t  o f  p u l m o n a r y  e m b o l i s m  h a d  h i g h e s t  m e d i a n  v a l u e s .  M e d i a n  
c o n c e n t r a t i o n s  i n  c a n c e r  a n d  h e a r t  d i s e a s e  w e r e  s i m i l a r  b u t  l o w e r  
t h a n  a c c i d e n t  v i c t i m s .  M e d i a n  r e t i n o l  w a s  m o r e  t h a n  50% l o w e r  i n  
p e o p l e  who d i e d  a s  a  r e s u l t  o f  c h r o n i c  d i s e a s e  t h a n  i n  c a n c e r  v i c t i m s .  
A m o r e  r e c e n t  s t u d y  i n  L o n d o n  f o u n d  t h a t  10% o f  c a n c e r  v i c t i m s  h a d  
r e s e r v e s  b e l o w  4 0 m g / k g ,  h o w e v e r ,  9 . 1 % o f  p e o p l e  d y i n g  w i t h  i n t e s t i n a l  
d i s e a s e  a n d  14 .8% w i t h  r e s p i r a t o r y  d i s e a s e  a l s o  h ad  r e s e r v e s  b e l o w  
t h i s  l e v e l  ( H u q u e ,  1 9 8 2 ) .  F u r t h e r m o r e  t h e  p e r c e n t a g e  w i t h  h i g h  
r e s e r v e s  ( > 5 0 0 m g / k g )  was s i m i l a r  i n  c a n c e r  o r  a c c i d e n t a l  d e a t h  (13 .3% 
and 13.8% r e s p e c t i v e l y ) .  M ed ia n  r e s e r v e s  w e r e  c o n s i d e r a b l y  h i g h e r  i n  
c a n c e r  t h a n  i n  i n t e s t i n a l ,  n e r v o u s ,  h e p a t i c ,  and  r e s p i r a t o r y  d i s e a s e s .
I n  c o n t r a s t  t o  t h e  a f o r e  m e n t i o n e d  s t u d i e s ,  Hopp ner  ejt a l .  ( 1 9 6 8 )  
f o u n d  l o w e r  l i v e r  r e s e r v e s  i n  13 c a n c e r  v i c t i m s  t h a n  i n  p e o p l e  w h o  
d i e d  a s  a r e s u l t  o f  a c c i d e n t s ,  h e a r t  a n d  c o r o n a r y  d i s e a s e  o r  
r e s p i r a t o r y  d i s e a s e .  I t  i s  t h e r e f o r e ,  p o s s i b l e  t h a t  c e r t a i n  p e o p l e  
w i t h  c a n c e r  d o  h a v e  v e r y  l o w  r e s e r v e s ,  h o w e v e r ;  o v e r a l l  t h e r e  i s  
l i t t l e  e v i d e n c e  t h a t  c a n c e r  i s  a s s o c i a t e d  w i t h  l o w  l i v e r  r e t i n o l .  
I n d e e d ,  many o t h e r  d i s e a s e s ,  p a r t i c u l a r l y  c h r o n i c  d i s e a s e s ,  a r e  
a s s o c i a t e d  w i t h  l o w e r  l i v e r  r e s e r v e s  t han  c a n c e r .
A l t h o u g h  r e d u c e d  s e r u m  r e t i n o l  c o n c e n t r a t i o n  h as  b e e n  c o m m o n l y  
f o u n d  i n  c a n c e r  p a t i e n t s ,  t h e  e f f e c t  i s  p r o b a b l y  n o t  s p e c i f i c  f o r  
v i t a m i n  A.  I n  s t u d i e s  t h a t  h a v e  m e a s u r e d  a r a n g e  o f  n u t r i t i o n a l  
p a r a m e t e r s ,  a l t e r e d  c o n c e n t r a t i o n s  o f  s e v e r a l  n u t r i e n t s  h a v e  b e e n  
f o u n d .  T h u s ,  N i x o n  ejt a l .  ( 1 9 8 0 )  f o u n d  t h a t  i n  3 0  p a t i e n t s  w i t h  
a d v a n c e d  c a n c e r  a s s o c i a t e d  w i t h  p r o t e i n  e n e r g y  m a l n u t r i t i o n ,  57% had 
l o w  serum a l b u m i n ,  t r a n s f e r r i n  was  l o w  i n  41%, c h o l e s t e r o l  was l o w  i n  
36%, se ru m  v i t a m i n  C was l o w  i n  45% and se rum v i t a m i n  A and c a r o t e n e
l o w  i n  44% and 42% o f  p a t i e n t s  r e s p e c t i v i l y .  Soukop and Ca iman ( 1 9 7 9 )  
m e a s u r e d  a r a n g e  o f  n u t r i t i o n a l  p a r a m e t e r s  i n  120 c a n c e r  p a t i e n t s  and 
70  h o s p i t a l  c o n t r o l s ;  t h e  p e r c e n t a g e  e x c e s s  a b n o r m a l i t i e s  w a s  a s  
f o l l o w s :  a n a e m i a  35%; " v i t a m i n  A and c a r o t e n e  d e f i c i e n c y " 1 2 % ;  t h i a m i n  
d e f i c i e n c y ,  21%;  a b n o r m a l  l e u c o c y t e  a s c o r b i c  a c i d ,  40%;  l o w  s e r u m  
a l b u m i n ,  37%. Thus ,  a h i g h e r  p e r c e n t a g e  o f  p a t i e n t s  had  a b n o r m a l i t i e s  
o t h e r  t h a n  l o w  seru m r e t i n o l .
S e v e r a l  s t u d i e s  t h a t  f o u n d  l o w e r  seru m r e t i n o l  i n  c a n c e r  p a t i e n t s  
hav e  s u g g e s t e d  l o w  i n t a k e  as  t h e  c a u s e ,  o r  s u g g e s t e d  i n c r e a s i n g  i n t a k e  
a s  a p r e v e n t a t i v e  m e a s u r e  ( W a h i  et a l . , 1 9 6 2 ;  B i c h l e r  _et a l . , 1 9 8 3 ;  
Mahmoud and R o b i n s o n ,  1983 ;  M e l l o w  a t  a l . ,  1983 ) .  I t  i s  a p p a r e n t  f r o m  
t h e  p r e c e d i n g  e v i d e n c e  t h a t  d i e t a r y  r e t i n o l  d e f i c i e n c y  i s  n o t  common 
i n  p e o p l e  who d e v e l o p  c a n c e r .  I t  i s  t h e r e f o r e ,  i m p o r t a n t  t o  c o n s i d e r  
how t h e  r e d u c e d  se rum  c o n c e n t r a t i o n s  may have  a r i s e n .
Low Serum Retinol as a Consequence of Disease.
Th e m a j o r i t y  o f  s t u d i e s  t h a t  h a v e  b e e n  p e r f o r m e d  h a v e  b e e n  
r e t r o s p e c t i v e  i n  n a t u r e  and t h u s  i t  i s  d i f f i c u l t  t o  d i s s o c i a t e  f a c t o r s  
t h a t  p r e c e d e  t h e  d i s e a s e  a n d  t h o s e  t h a t  o c c u r  a s  a  c o n s e q u e n c e .  I f  
t h e  d i s e a s e  i t s e l f  w a s  r e s p o n s i b l e  f o r  t h e  e f f e c t  o n e  w o u l d  e x p e c t  
t h a t  t h e  more  a d v a n c e d  t h e  d i s e a s e  was t h e  more  p r o n o u n c e d  t h e  e f f e c t .  
T h i s  i s ,  i n d e e d ,  w hat  was o b s e r v e d  i n  t h e  f e w  s t u d i e s  t h a t  c o n s i d e r e d  
s t a g e  o f  d i s e a s e .  W a h i  j et  a l .  ( 1 9 6 2 )  m e a s u r e d  s e r u m  r e t i n o l  a n d  
c a r o t e n e  i n  p a t i e n t s  w i t h  o r a l  l e u k o p l a k i a  a n d  o r a l  c a r c i n o m a  a n d  
c o m p a r e d  t n e m  t o  n o r m a l  s u b j e c t s .  H i g h e r  l e v e l s  o f  r e t i n o l  a n d  
c a r o t e n e  w e r e  f o u n d  i n  n o r m a l  p e o p l e  t h a n  i n  o r a l  l e u k o p l a k i a  a n d  
t h e s e  i n d i v i d u a l s  had  h i g h e r  m e a n  c o n c e n t r a t i o n s  t h a n  p a t i e n t s  w i t h  
o r a l  c a r c i n o m a .  C h a u d h y  e £  a l .  ( 1 9 8 0 )  f o u n d  a s t e a d y  d e c l i n e  i n  
p l a s m a  r e t i n o l  a n d  c a r o t e n e  l e v e l s  w i t h  m o r e  a d v a n c e d  d i s e a s e  i n
p a t i e n t s  w i t h  c a r c i n o m a  o f  t h e  o r a l  c a v i t y  a n d  o r o p h a r y n x .  B o t h  o f  
t h e s e  s t u d i e s  c o n s i d e r e d  c a n c e r s  o f  t h e  h e a d  a n d  n e c k  r e g i o n .  I t  i s  
l i k e l y  t h a t  a s  t h e  d i s e a s e  a d v a n c e d ,  e a t i n g  w o u l d  b e c o m e  m o r e  
d i f f i c u l t .  B ot h  RBP and PA and h e n c e  r e t i n o l  a r e  s e n s i t i v e  t o  p r o t e i n  
e n e r g y  m a l n u t r i t i o n  ( I n g e n b l e e k  e t  a l . ,  1975 ) .  R e s t r i c t i o n  o f  e n e r g y  
o r  p r o t e i n  i n t a k e ,  e v e n  i n  o b e s e  p a t i e n t s ,  r e s u l t s  i n  r e d u c e d  s e r u m  
RBP a n d  PA c o n c e n t r a t i o n s  ( S h e t t y  et. a l . , 1 9 7 9 ) .  T h u s ,  e v e n  i f  an  
i n d i v i d u a l ' s  u s u a l  v i t a m i n  A i n t a k e  a n d  h e n c e  l i v e r  r e s e r v e s  a r e  
a d e q u a t e ,  l o w  s e r u m  r e t i n o l  w i l l  r e s u l t  i f  e n e r g y  o r  p r o t e i n  i n t a k e  
b e c o m e s  i n a d e q u a t e .  M e l l o w  e t  a l .  ( 1 9 8 3 )  a l s o  s t u d i e d  he ad  and n e c k  
c a n c e r  a n d  f o u n d  s i g n i f i c a n t l y  l o w e r  s e r u m  r e t i n o l  i n  t h e  p a t i e n t s  
t h a n  i n  c o n t r o l s .  No i n f o r m a t i o n  was g i v e n  on  s t a g e  o f  d i s e a s e .  A l l  
p a t i e n t s  who had r e c e n t l y  l o s t  more  t h a n  30% o f  u s u a l  b o d y  w e i g h t  w e r e  
e x c l u d e d .  H o w ever ,  a l l  but one  p a t i e n t  had l o s t  a t  l e a s t  2% o f  t h e i r  
b o d y  w e i g h t  a n d  t h e  m e a n  p e r c e n t a g e  w e i g h t  l o s s  w a s  14%. S e r u m  
a l b u m i n  w a s  a l s o  l o w  i n  3 p a t i e n t s  b u t  n o r m a l  i n  t h e  r e m a i n i n g  13 
i n d i v i d u a l s .  T h i s  p r o t e i n  i s  r e l a t i v e l y  i n s e n s i t i v e  t o  c h a n g e s  i n  
e n e r g y  o r  p r o t e i n  s t a t u s .  T h u s ,  b o t h  RBP a n d  PA s h o w e d  s i g n i f i c a n t  
d e c r e a s e s  w i t h i n  7 d a y s ,  w h i l e  a l b u m i n  r e m a i n e d  n o r m a l  t h r o u g h o u t  a  21 
d a y  p e r i o d  o f  s t u d y  i n  o b e s e  p a t i e n t s  o n  a v e r y  l o w - c a l o r i e - d i e t  
( K r o t k i e w s k i  et, a l . ,  1 9 8 1 ) .  I t  i s ,  t h e r e f o r e ,  p o s s i b l e  t h a t  t h e  
d i f f e r e n c e s  o b s e r v e d  b y  M e l l o w  e t  a l .  ( 1 9 8 3 }  o c c u r r e d  a s  a c o n s e q u e n c e  
o f  a c u t e  f o o d  r e d u c t i o n .
I n  t h e  p r e s e n t  s t u d y  s i g n i f i c a n t  n u m b e r s  o f  p a t i e n t s  w i t h  
a d v a n c e d  d i s e a s e  w e r e  o n l y  s e e n  i n  t h e  c e r v i c a l  c a n c e r  g r o u p *  
P a t i e n t s  w i t h  CIN had c o n c e n t r a t i o n s  o f  r e t i n o l ,  c a r o t e n o i d s ,  RBP and 
PA c o m p a r a b l e  t o  NMG c o n t r o l s  and  t h e r e  was a s i g n i f i c a n t  d e c r e a s e  i n  
t h e s e  p a r a m e t e r s  w i t h  a d v a n c e m e n t  o f  d i s e a s e .  W e i g h t  l o s s  w a s  n o t
c o m m o n  i n  t h e  c e r v i c a l  c a n c e r  p a t i e n t s  -  7 w e r e  a f f e c t e d .  S e ru m  
r e t i n o l ,  c a r o t e n o i d s ,  RBP, and PA c o n c e n t r a t i o n  w e r e  n o t  s i g n i f i c a n t l y  
l o w e r  i n  t h e s e  p a t i e n t s  t h a n  i n  p a t i e n t s  m a t c h e d  f o r  a g e  a n d  s t a g e .  
I t  t h e r e f o r e ,  s e e m s  l i k e l y  t h a t  t h e  d i s e a s e  i t s e l f  h a s  so m e  e f f e c t  o n  
t h e  b o d y ' s  a b i l i t y  t o  m o b i l i s e  r e t i n o l .  Serum c a r o t e n o i d s  w e r e  a l s o  
r e d u c e d  i n  c e r v i c a l  c a n c e r  p a t i e n t s  w i t h  mo re  a d v a n c e d  d i s e a s e .  T h i s  
c o u l d  o c c u r  a s  a r e s u l t  o f  r e d u c e d  f o o d  i n t a k e ,  a b s o r p t i o n ,  o r  r e l e a s e  
i n  LDL f r o m  t h e  l i v e r .  R e d u c e d  f o o d  i n t a k e  o c c u r e d  i n  7 p a t i e n t s ;  
h o w e v e r ,  t h e  r e m a i n i n g  p a t i e n t s  d i d  n o t  r e p o r t  a n y  a f f e c t  o n  t h e i r  
a p p e t i t e .  LDL a r e  s y n t h e s i s e d  i n  t h e  l i v e r  a n d  i t  i s  t h e r e f o r e  
p o s s i b l e  t h a t  s y n t h e s i s  o f  t h i s  t r a n s p o r t  p r o t e i n  w a s  a f f e c t e d .  
S u p p o r t  f o r  t h i s  p o s s i b i l i t y  i s  p r o v i d e d  by  c o n s i d e r i n g  s e r u m  
c h o l e s t e r o l .  LDL a r e  m a j o r  t r a n s p o r t e r s  o f  b l o o d  c h o l e s t e r o l .  Serum 
c h o l e s t e r o l  has  b e e n  o b s e r v e d  t o  be  l o w e r  i n  s e v e r a l  g r o u p s  o f  c a n c e r  
p a t i e n t s  ( K a r k  ej :  a l . , 1 9 8 2 )  a n d  b o t h  s e r u m  r e t i n o l  a n d  c a r o t e n e  
c o r r e l a t e  w i t h  s e r u m  c h o l e s t e r o l .
I n  t h e  p r e s e n t  s t u d i e s  a l l  b u t  4 o f  t h e  b l a d d e r  c a n c e r  p a t i e n t s  
s t u d i e d  h a d  s u p e r f i c i a l  d i s e a s e .  T h e r e  w e r e  n o  d i f f e r e n c e s  i n  t h e  
p a r a m e t e r s  s t u d i e d  b e t w e e n  t h e  c a n c e r  p a t i e n t s ,  p a t i e n t s  w i t h  n o  
r e c u r r e n c e  o f  b l a d d e r  c a n c e r ,  and  c o n t r o l s .  The 4 p a t i e n t s  w i t h  mo re  
a d v a n c e d  d i s e a s e  h ad  l o w e r  s e r u m  p a r a m e t e r s  t h a n  t h e  r e m a i n i n g  
p a t i e n t s .  Serum r e t i n o l  and  c a r o t e n o i d  c o n c e n t r a t i o n s  w e r e  a l s o  l o w e r  
i n  p a t i e n t s  who  had l o s t  w e i g h t .  A l t h o u g h  t h e  num b e r s  i n v o l v e d  w e r e  
v e r y  s m a l l ,  t h i s  l e n d s  so m e  s u p p o r t  t o  th e  i d e a  t h a t  w e i g h t  l o s s  and 
a d v a n c e d  d i s e a s e  a r e  i m p o r t a n t  f a c t o r s  i n  l o w e r i n g  s e r u m  r e t i n o l  and 
c a r o t e n o i d s .
A l t h o u g h  r e t i n o l  h a s  b e e n  m e a s u r e d  i n  a v a r i e t y  o f  m a l i g n a n t  
d i s e a s e s ,  f e w  s t u d i e s  h a v e  a l s o  m e a s u re d  RBP o r  PA l e v e l s .  T hese  a r e
u s e f u l  p a r a m e t e r s  i n  d i s t i n g u i s h i n g  v i t a m i n  A d e f i c i e n c y  f r o m  e f f e c t s  
a s s o c i a t e d  w i t h  PEM o r  w e i g h t  l o s s .  B o t h  p r o t e i n s  h a v e  s h o r t  h a l f  
l i v e s  a n d  h i g h  c o n c e n t r a t i o n s  o f  t r y p t o p h a n  a n d  s o  a r e  s e n s i t i v e  t o  
p r o t e i n  e n e r g y  s t a t u s .  I n  v i t a m i n  A d e f i c i e n c y  s e r u m  RBP 
c o n c e n t r a t i o n  i s  r e d u c e d  w h i l e  PA c o n c e n t r a t i o n  r e m a i n s  u n a l t e r e d .  
T h u s  m e a s u r e m e n t  o f  b o t h  p r o t e i n s  a l o n g  w i t h  r e t i n o l  i s  u s e f u l  i n  
e l u c i d a t i n g  t h e  c a u s e  o f  l o w e r  r e t i n o l  c o n c e n t r a t i o n s .  In  t h e  p r e s e n t  
s t u d i e s  r e t i n o l ,  RBP a n d  PA w e r e  n o t  a l t e r e d  i n  b l a d d e r  c a n c e r .  
H o w e v e r ,  i n  c e r v i c a l  c a n c e r  and s a r c o m a  p a t i e n t s  a l l  t h r e e  p a r a m e t e r s  
w e r e  l o w e r  t h a n  i n  c o n t r o l s ,  and  i n  c e r v i c a l  c a n c e r ,  s h o w e d  a d e c l i n e  
w i t h  a d v a n c i n g  d i s e a s e .  T h i s  l e n d s  f u r t h e r  s u p p o r t  t o  t h e  e f f e c t  on 
r e t i n o l  b e i n g  s e c o n d a r y ,  r e s u l t i n g  f r o m  a n  e f f e c t  o n  t h e  t r a n s p o r t  
p r o t e i n s .  Our f i n d i n g s  a r e  s i m i l a r  t o  t h o s e  o f  A t u k o r a l a  ( 1 9 8 0 )  i n  
l u n g  c a n c e r  p a t i e n t s .  B o th  s e r u m  r e t i n o l  and RBP w e r e  s i g n i f i c a n t l y  
l o w e r  th a n  i n  c o n t r o l s .  PA was  l o w e r  t h a n  b o t h  g r o u p s  o f  c o n t r o l s  b u t  
t h e  d i f f e r e n c e  d i d  n o t  r e a c h  s t a t i s t i c a l  s i g n i f i c a n c e .  P l a s m a  
r e t i n o l ,  RBP and PA c o n c e n t r a t i o n  w e r e  a l s o  m ea su re d  i n  p a t i e n t s  w i t h  
m e t a s t a t i c  t e s t i c u l a r  t e r a t o m a  a n d  f o u n d  t o  b e  s i g n i f i c a n t l y  l o w e r  
t h a n  i n  c o n t r o l s  ( A t u k o r a l a ,  198 0 ) .
B i c h l e r  a t  a l .  ( 1 9 8 3 )  m e a s u r e d  r e t i n o l  R B P ,P A ,  CRBP a n d  CRABP 
c o n c e n t r a t i o n s  i n  p a t i e n t s  w i t h  c a r c i n o m a s  o f  t h e  h e a d  a n d  n e c k  
r e g i o n .  Serum l e v e l s  o f  r e t i n o l ,  RBP and PA w e r e  h i g h l y  s i g n i f i c a n t l y  
l o w e r  t h a n  i n  h e a l t h y  v o l u n t e e r s .  The  c o n c e n t r a t i o n  o f  CRABP w a s  
s i g n i f i c a n t l y  h i g h e r  i n  n o r m a l  m u c o s a  th a n  i n  t u m o u r s .  The a u t h o r s  o f  
t h i s  s t u d y  c o n c l u d e d  t h a t  v i t a m i n  A d e f i c i e n c y  may be  i m p l i c a t e d  i n  
t u m o u r  d e v e l o p m e n t  a n d  g r o w t h .  H o w e v e r ,  i f  t h i s  w e r e  t h e  c a s e  o n e  
w o u l d  e x p e c t  a s p e c i f i c  l o w e r i n g  o f  s e r u m  r e t i n o l  and RBP but  n o t  PA. 
T h i s  was not  o b s e r v e d .  The a u t h o r s  comm ent  t h a t  t h e  p a t i e n t s  r e p o r t e d
e a t i n g  n o r m a l l y  b u t  t h e  m a j o r i t y  w e r e  a l c o h o l i c s  a n d  may h a v e  h a d  
i n a p p r o p r i a t e  f o o d  i n t a k e .  Thus t h e  r e d u c e d  s er u m  l e v e l s  o f  r e t i n o l  
and i t s  t r a n s p o r t  p r o t e i n s  may h a ve  a r i s e n  a s  a r e s u l t  o f  g e n e r a l i s e d  
p r o t e i n  o r  e n e r g y  d e f i c i t .
I n  c o n t r a s t  t o  o u r  f i n d i n g s  i n  c e r v i c a l  c a n c e r ,  e n d o m e t r i a l  
c a n c e r  p a t i e n t s  h a d  l o w e r  PA l e v e l s  t h a n  c o n t r o l s  ( a l t h o u g h  t h e  
d i f f e r e n c e  was  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t )  d e s p i t e  n o r m a l  RBP and 
r e t i n o l  c o n c e n t r a t i o n s .  S i m i l a r l y ,  p a t i e n t s  w i t h  MM had s i g n i f i c a n t l y  
l o w e r  se rum PA l e v e l s ,  w h i l e  se rum  r e t i n o l  and  RBP c o n c e n t r a t i o n s  w e r e  
s i m i l a r  t o  c o n t r o l s .  T h i s  u n e x p e c t e d  f i n d i n g  s u g g e s t s  t h a t  t h e  tu m o u r  
may h a v e  a s p e c i f i c  e f f e c t  o n  s y n t h e s i s  o f  t h i s  p r o t e i n .  RBP a n d  PA 
a r e  b o t h  v e r y  s e n s i t i v e  t o  m a l n u t r i t i o n  ( I n g e n b l e e k  et aJL, 1 9 7 5 ) .  
H o w e v e r ,  M i l a n o  ej :  a l .  ( 1 9 7 8 )  f o u n d  t h a t  PA w a s  t h e  m o s t  s e n s i t i v e  
i n d i c a t o r  o f  n u t r i t i o n  a n d  t h a t  i n  p a t i e n t s  w i t h  l a r g e  b o w e l  c a n c e r  
i t s  l e v e l s  a n d  r a t e s  o f  c h a n g e  h a d  a  p r o g n o s t i c  s i g n i f i c a n c e .  A 
r a p i d  f a l l  i n  PA o f t e n  o c c u r r e d  2 - 3  m o n t h s  p r i o r  t o  d e a t h  a n d  w a s  
o f t e n  a s s o c i a t e d  w i t h  a r i s e  i n  C - r e a c t i v e  p r o t e i n s  i n  t h e  a b s e n c e  o f  
i n f e c t i o n .  T h i s  s u g g e s t s  t h a t  h e p a t i c  p r o t e i n  s y n t h e s i s  f o l l o w s  
d i f f e r e n t  d i r e c t i o n s  i n  m a l i g n a n t  d i s e a s e .
L i v e r  i n v o l v e m e n t  was n o t  p r e s e n t  i n  t h e  c e r v i c a l  and  e n d o m e t r i a l  
c a n c e r  p a t i e n t s  s t u d i e d  ( w i t h  t h e  e x c e p t i o n  o f  o n e  c e r v i c a l  c a n c e r  
p a t i e n t  who d e v e l o p e d  l i v e r  m e t a s t a s e s  l y r  a f t e r  i n i t i a l  d i a g n o s i s ) .  
T h u s ,  i t  s e e m s  l i k e l y  t h a t  t h e  l o w  PA o r  RBP l e v e l s  o b s e r v e d ,  i f  n o t  
a r i s i n g  a s  a r e s u l t  o f  PEM o r  w e i g h t  l o s s ,  o c c u r  a s  a  c o n s e q u e n c e  o f  
d i s t a n t  e f f e c t s  o f  t h e  t u m o u r .  T h e o l o g i d i e s  ( 1 9 7 9 )  s p e c u l a t e d  t h a t  
t u m o u r s  p r o d u c e d  m o l e c u l e s  t h a t  a r e  r e l e a s e d  i n t o  t h e  c i r c u l a t i o n  and 
c a u s e  p r o f o u n d  m e t a b o l i c  a l t e r a t i o n  i n  t h e  f u n c t i o n  o f  t u m o u r  f r e e  
o r g a n s  o f  t h e  h o s t .
A l t e r a t i o n s  i n  s e r u m  z i n c  a n d  c o p p e r  h a v e  b e e n  o b s e r v e d  i n  a 
number  o f  m a l i g n a n t  c o n d i t i o n s .  A r o l e  has  b e e n  p o s t u l a t e d  f o r  z i n c  
i n  r e t i n o l  m o b i l i s a t i o n .  Serum z i n c  and v i t a m i n  A ( a n d  o c c a s i o n a l l y  
c o p p e r )  c o n c e n t r a t i o n s  h a v e  b e e n  m e a s u r e d  t o g e t h e r  i n  c a n c e r  p a t i e n t s .  
T h u s ,  A t u k o r a l a  ( 1 9 8 0 )  o b s e r v e d  l o w  z i n c ,  r e t i n o l ,  a n d  RBP. The  
c o n c e n t r a t i o n  o f  c o p p e r  i n  s e r u m  w a s  i n c r e a s e d  r e s u l t i n g  i n  a 
s i g n i f i c a n t l y  d e c r e a s e d  z i n c : c o p p e r  r a t i o .  Serum z i n c  wa s  c o r r e l a t e d  
w i t h  b o t h  r e t i n o l  a n d  RBP a n d  i t  w a s  s u g g e s t e d  t h a t  t h e  l o w e r  s e r u m  
z i n c  o f  c a n c e r  p a t i e n t s  i n  s o m e  w a y  c o n t r i b u t e d  t o  t h e  d e c r e a s e  i n  
c i r c u l a t i n g  r e t i n o l  and RBP. Z i n c  d e f i c i e n c y  i n  a n i m a l s  i s  a s s o c i a t e d  
w i t h  b o t h  l o w  c i r c u l a t i n g  and l i v e r  RBP and i t  ha s  b e e n  s u g g e s t e d  t h a t  
z i n c  h a s  a r o l e  i n  m o b i l i s a t i o n  o f  RBP f r o m  t h e  l i v e r  ( S o l o m o n s  a n d  
R u s s e l l ,  1 9 8 0 ) .  H o w e v e r ,  A t u k o r a l a  ( 1 9 8 0 )  d i d  n o t  o b s e r v e  a
c o r r e l a t i o n  b e t w e e n  z i n c  and r e t i n o l  o r  RBP i n  t h e  c o n t r o l s .
I n  t h e  p r e s e n t  s t u d y  s e r u m  z i n c  w a s  w e a k l y  b u t  s i g n i f i c a n t l y  
c o r r e l a t e d  w i t h  r e t i n o l ,  RBP an d PA i n  t h e  u r o l o g y  s t u d y  p o p u l a t i o n .  
F u r t h e r m o r e ,  t h e  z i n c i c o p p e r  r a t i o  was  m or e  s t r o n g l y  c o r r e l a t e d  W'ith 
t h e  a b o v e  p a r a m e t e r s .  T h i s  s u g g e s t s  t h a t  i t  may be  t h e  a v a i l a b i l i t y  
o f  z i n c  t h a t  i s  i m p o r t a n t  i n  t h e  s y n t h e s i s  o r  r e l e a s e  o f  t h e  t r a n s p o r t  
p r o t e i n s .  T he  r e l a t i o n s h i p  b e t w e e n  z i n c  a n d  t h e  r e t i n o l  t r a n s p o r t  
s y s t e m  w a s  n o t  o b s e r v e d  i n  t h e  o t h e r  g r o u p s  o f  p e o p l e  e x a m i n e d .  
M e l l o w  e t  a l .  ( 1 9 8 3 )  m e a s u r e d  s e r u m  r e t i n o l  and  z i n c  i n  p a t i e n t s  w i t h  
o e s o p h a g e a l  c a n c e r ,  a l c o h o l i c s ,  a n d  h e a l t h y  c o n t r o l s .  B o t h  s e r u m  
r e t i n o l  and z i n c  c o n c e n t r a t i o n s  w e r e  l o w e r  i n  t h e  o e s o p h a g e a l  c a n c e r  
p a t i e n t s  t h a n  i n  t h e  o t h e r  g r o u p s .  H o w e v e r ,  s e r u m  z i n c  w a s  n o t  
c o r r e l a t e d  w i t h  s e ru m  r e t i n o l .  Thus i t  i s  f a r  f r o m  c l e a r  w h e t h e r  z i n c  
i s  i m p o r t a n t  i n  m o b i l i s i n g  r e t i n o l  f r o m  t h e  l i v e r  i n  humans o r  w h e t h e r  
r e d u c t i o n s  i n  r e t i n o l  and z i n c  o c c u r  a s  a c o n s q u e n c e  o f  a l t e r a t i o n s  i n
som e o t h e r  p a r a m e t e r .
In  a d d i t i o n  t o  r e t r o s p e c t i v e  s t u d i e s  o f  b l o o d  r e t i n o l  and  r e l a t e d  
f a c t o r s ,  a n u m b e r  o f  p r o s p e c t i v e  s t u d i e s  h a v e  b e e n  p e r f o r m e d .  
Wald e £  a l .  ( 1 9 8 0 )  m ea su re d  se ru m  r e t i n o l  i n  s t o r e d  s e r u m  f r o m  86  men 
who s u b s e q u e n t l y  d e v e l o p e d  c a n c e r  and 172 c o n t r o l s .  L o w e r  v a l u e s  w e r e  
a s s o c i a t e d  w i t h  g r e a t e r  r i s k  o f  c a n c e r  a n d  t h e  a s s o c i a t i o n  w a s  
g r e a t e s t  f o r  t h o s e  w h o  s u b s e q u e n t l y  d e v e l o p e d  l u n g  c a n c e r .  
Kark  e t  a l .  ( 1 9 8 2 )  m e a s u r e d  s e r u m  r e t i n o l  i n  s a m p l e s  s t o r e d  f o r  up 
t o  16  y e a r s  i n  85  p e o p l e  w h o  s u b s e q u e n t l y  d e v e l o p e d  c a n c e r  a n d  1 7 4  
c o n t r o l s  i n  Evans C ou n ty .  T he r e  was an i n v e r s e  r e l a t i o n s h i p  b e t w e e n  
t h e  r i s k  o f  c a n c e r  a n d  b o t h  s e r u m  r e t i n o l  a n d  c h o l e s t e r o l  
c o n c e n t r a t i o n s .  T h e s e  t w o  p a r a m e t e r s  w e r e  s t r o n g l y  c o r r e l a t e d  b u t  t h e  
r e l a t i o n s h i p  b e t w e e n  r i s k  o f  c a n c e r  was s t r o n g e s t  w i t h  s e ru m  r e t i n o l .  
Thus i n  t h e s e  t w o  s t u d i e s  se rum  r e t i n o l  c o n c e n t r a t i o n  w a s  l o w e r  th a n  
i n  c o n t r o l s  s e v e r a l  y e a r s  b e f o r e  d e v e l o p i n g  c a n c e r .  C o n t r a r y  e v i d e n c e  
w a s  f o u n d  b y  S t a h e l i n  e £  a l .  ( 1 9 8 2 )  w h o  f a i l e d  t o  f i n d  a n  o v e r a l l  
i n c r e a s e d  s u b s e q u e n t  r i s k  o f  c a n c e r  f o r  i n d i v i d u a l s  w i t h  l o w e r  se rum 
r e t i n o l  i n  a  10  y e a r  f o l l o w  up o f  men i n  t h e  B a s l e  C a r d i o v a s c u l a r  
S t u d y .  T h e r e  w a s  n o  e v i d e n c e  o f  i n c r e a s e d  r i s k  o f  l u n g  c a n c e r  w i t h  
l o w e r  s e ru m  r e t i n o l ;  h o w e v e r ,  s e r u m  r e t i n o l  was s i g n i f i c a n t l y  l o w e r  i n  
t n o s e  p e o p l e  who s u b s e q u e n t l y  d e v e l o p e d  s t o m a c h  c a n c e r .  H a i n e s  e t  a l .  
( 1 9 8 2 )  m e a s u r e d  RBP, z i n c  a n d  c o p p e r  i n  28  p a t i e n t s  w h o  d e v e l o p e d  
c a n c e r  a m ean  o f  4 y e a r s va f t e r  t h e  s a m p l e  w a s  t a k e n  a n d  i n  3 m a t c h e d  
c o n t r o l s  f o r  e a c h  c a s e .  Non p u l m o n a r y  c a n c e r  c a s e s  had  s i g n i f i c a n t l y  
h i g h e r  RBP l e v e l s  t h a n  c o n t r o l s  a n d  t h e r e  w a s  n o  d i f f e r e n c e  b e t w e e n  
l u n g  c a n c e r  c a s e s  and c o n t r o l s .  P la sm a z i n c  was s i m i l a r  i n  a l l  g r o u p s  
a n d  c o p p e r  w a s  h i g h e r  i n  c a s e s  t h a n  c o n t r o l s  b u t  t h e  d i f f e r e n c e  d i d
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n o t  r e a c h  s t a t i s t i c a l  s i g n i f i c a n c e .
I n  a v e r y  r e c e n t  s t u d y  W i l l e t t  e t  a l .  ( 1 9 8 4 )  m e a s u r e d  s e r u m  
r e t i n o l ,  RBP, v i t a m i n  E and t o t a l  c a r o t e n o i d s  i n  111 p a r t i c i p a n t s  i n  
t h e  H y p e r t e n s i o n  D e t e c t i o n  and F o l l o w - u p  Prog ra m  who d e v e l o p e d  c a n c e r  
w i t h i n  5 y e a r s  o f  i n c l u s i o n  and i n  210  m a t c h e d  c o n t r o l s .  Mean v a l u e s  
o f  r e t i n o l ,  RBP and c a r o t e n o i d s  w e r e  s i m i l a r  f o r  c a s e s  and c o n t r o l s .  
Mean r e t i n o l  was  h i g h e r  i n  t h e  18 s u b j e c t s  who s u b s e q u e n t l y  d e v e l o p e d  
l u n g  c a n c e r  t h a n  i n  t h e i r  m a t c h e d  c o n t r o l s .  S e r u m  t o c o p h e r o l  w a s  
s o m e w h a t  l o w e r  i n  s u b j e c t s  who d e v e l o p e d  c a n c e r ;  t h i s  w a s  a t  l e a s t  
p a r t l y  d u e  t o  t h e  c o n f o u n d i n g  e f f e c t  o f  s e r u m  c h o l e s t e r o l  l e v e l s .  
L i p i d  a d j u s t e d  r e t i n o l  l e v e l s  w e r e  s u b s t a n t i a l l y  l o w e r  t h a n  m a t c h e d  
c o n t r o l s  o n l y  i n  a m i s c e l l a n e o u s  g r o u p  o f  g a s t r o i n t e s t i n a l  c a n c e r s .  
T h e  a u t h o r s  a l s o  c i t e  t h a t  a n  a n a l y s i s  o f  n e w  c a s e s  i n  E v a n s  C o u n t y  
has  f a i l e d  t o  f i n d  an  i n d e p e n d e n t  a s s o c i a t i o n  b e t w e e n  s er u m  r e t i n o l  
l e v e l  a n d  c a n c e r  i n c i d e n c e .  I n  a n  a d d i t i o n a l  p r o s p e c t i v e  s t u d y ,  
s e r u m  r e t i n o l  c o n c e n t r a t i o n  w a s  n o t  a s s o c i a t e d  w i t h  r i s k  o f  b r e a s t  
c a n c e r  ( W a l d  e £  a l . , 1 9 8 4 ) .  S e r u m  v i t a m i n  E c o n c e n t r a t i o n  w a s ,  
h o w e v e r ,  s i g n i f i c a n t l y  l o w e r  i n  women who d e v e l o p e d  b r e a s t  c a n c e r  t h a n  
i n  c o n t r o l s ,  a n d  t h e  r i s k  o f  b r e a s t  c a n c e r  f o r  i n d i v i d u a l s  i n  t h e  
l o w e s t  q u i n t i l e  was  a b o u t  f i v e  t i m e s  h i g h e r  t h a n  women i n  t h e  h i g h e s t  
q u i n t i l e .  A l t h o u g h  s e r u m  b e t a  c a r o t e n e  w a s  l o w e r  i n  w o m e n  w h o  
s u b s e q u e n t l y  d e v e l o p e d  b r e a s t  c a n c e r ,  t h e  d i f f e r e n c e  w a s  n o t  
s i g n i f i c a n t .  Thu s ,  t h e  w e i g h t  o f  e v i d e n c e  s u g g e s t s  t h e r e  i s  l i t t l e ,  
i f  a n y ,  o v e r a l l  a s s o c i a t i o n  b e t w e e n  t h e  l e v e l  o f  se ru m  v i t a m i n  A and 
t h e  i n c i d e n c e  o f  c a n c e r  i n  humans .  The l a c k  o f  r e l a t i o n s h i p  b e t w e e n  
c a n c e r  r i s k  and s e r u m  c a r o t e n o i d  c o n c e n t r a t i o n  a l s o  c a s t s  d o u b t  on  a 
p r o t e c t i v e  r o l e  f o r  d i e t a r y  c a r o t e n e .
R e - e v a l u a t i o n  o f  t h e  many s t u d i e s  r e l a t i n g  v i t a m i n  A a n d  h um an  
c a n c e r  i n  t h e  l i g h t  o f  t h e  r e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  a n d  
i n  o t h e r  r e c e n t  s t u d i e s  r e v e a l s  l i t t l e  e v i d e n c e  t h a t  e i t h e r  s e r u m  
r e t i n o l  o r  c a r o t e n o i d s  a r e  s p e c i f i c a l l y  a s s o c i a t e d  w i t h  r i s k  o f  
c a n c e r .  b o t h  p a r a m e t e r s  a r e  co m m o nl y  r e d u c e d  i n  a d v a n c e d  c a n c e r  b u t  
t h e  e f f e c t  i s  by no means u n i v e r s a l  i n  a d v a n c e d  d i s e a s e .  Thus N i x o n  e t  
a l .  ( 1 9 8 0 )  f o u n d  l o w  s e r u m  r e t i n o l  i n  42% o f  a d v a n c e d  c a n c e r  
p a t i e n t s  w h o  e x h i b i t e d  s i g n s  o f  PEM. I n  s o m e  g r o u p s  o f  c a n c e r  
p a t i e n t s  t h e r e  i s  no  e v i d e n c e  o f  r e d u c t i o n  i n  t h e s e  s er u m  p a r a m e t e r s .  
The  r e d u c t i o n  i n  s e r u m  r e t i n o l  i n  c a n c e r  may o c c u r  i n  a n u m b e r  o f  
d i f f e r e n t  wa ys  a s  o u t l i n e d  i n  f i g u r e  60 . I t  i s  p o s s i b l e  t h a t  r e d u c e d  
s e r u m  r e t i n o l  r e s u l t s  i n  a r e l a t i v e  t i s s u e  d e f i c i e n c y  o f  r e t i n o l .  
E x t e n s i v e  a n i m a l  e x p e r i m e n t a t i o n  has  shown t h a t  r e t i n o i d s  g e n e r a l l y  
h a v e  an  i n h i b i t o r y  e f f e c t  o n  tu m o u r  g r o w t h  and t h u s  a r e l a t i v e  t i s s u e  
d e f i c i e n c y  may e n a b l e  t u m o u r s  t o  g r o w  m o r e  r a p i d l y .  H o w e v e r ,  
r e t i n o i d s  a r e  m o s t  e f f e c t i v e  i n  p r e n e o p l a s t i c ,  b e n i g n  a n d  
s e m i m a l i g n a n t  t u m o u r s ,  w h e r e a s  m a l i g n a n t  e p i t h e l i a l  t u m o u r s  s u c h  a s  
s q u a m o u s  c e l l  c a r c i n o m a  o f  t h e  h e a d ,  n e c k  a n d  l u n g  a r e  l a r g e l y  
u n a f f e c t e d  a n d  a n y  e f f e c t  i s  u s u a l l y  o n l y  p a r t i a l  a n d  o f  s h o r t  
d u r a t i o n  ( B o l l a g ,  1 9 8 3 b ) .  L o w e r  s e r u m  r e t i n o l  a n d  c a r o t e n o i d  
c o n c e n t r a t i o n s  a r e  a s s o c i a t e d  w i t h  t h e  l a t t e r  r a t h e r  t h a n  t h e  f o r m e r .  
T h u s ,  w e  f o u n d  n o  e v i d e n c e  o f  r e d u c e d  s e r u m  c a r o t e n o i d s ,  r e t i n o l  o r  
i t s  t r a n s p o r t  p r o t e i n s  i n  s u p e r f i c i a l  t r a n s i t i o n a l  c e l l  b l a d d e r  
c a n c e r ,  an  o b s e r v a t i o n  i n  c o m m o n  w i t h  o t h e r  w o r k e r s  ( E l  A a s e r  a n d
1 9 82 ) .  B o l l a g  ( 1 9 8 3 b )  r e p o r t s  s u c c e s s f u l  u s e  o f  t h e  r e t i n o i d  
e t r e t i n a t e  i n  i n h i b i t i n g  r e c u r r e n c e  f o l l o w i n g  s u r g i c a l  r e m o v a l  o f  
s u p e r f i c i a l  b l a d d e r  t u m o u rs  by tw o  g r o u p s  o f  w o r k e r s .  Thus ,  i t  se em s
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l i k e l y  t h a t  c h a n g e s  i n  s e r u m  r e t i n o l  and e f f e c t i v e n e s s  o f  r e t i n o i d s  
a r e  t w o  s e p a r a t e  i s s u e s .  M o r e o v e r ,  t h e  c o n c e n t r a t i o n s  o f  r e t i n o i d s  
u s e d  a r e  w e l l  a b o v e  p h y s i o l o g i c a l  l e v e l s  and t h u s  a n i m a l  e x p e r i m e n t s  
a n d  human c l i n i c a l  t r i a l s  h a v e  u s e d  a p h a r m a c o l o g i c a l  a g e n t  r a t h e r  
t h a n  a p h y s i o l o g i c a l  o n e .  F u r t h e r m o r e ,  d e s p i t e  b e t t e r  t h e r a p e u t i c  
r a t i o s  t h a n  n a t u r a l  r e t i n o i d s ,  m i l d  a n d  s e v e r e  s y m p t o m s  o f  
h y p e r v i t a m i n o s i s  A have  b e e n  common f i n d i n g s .
L ow er  se ru m r e t i n o l  has  b e e n  l i n k e d  t o  p o o r e r  o u t c o m e  i n  p a t i e n t s  
u n d e r g o i n g  c h e m o t h e r a p y  (So ukop  and Caiman,  1978 ;  Brown e £  a l . , 19 81 )  
a n d  i n  t h e  p r e s e n t  s t u d y  s e r u m  r e t i n o l  w a s  l o w e r  i n  t h o s e  c e r v i c a l  
c a n c e r  p a t i e n t s  w h o  d i e d  d u r i n g  t h e  p e r i o d  o f  s t u d y .  I n  c a n c e r  
p a t i e n t s  w h e r e  l o w  s e r u m  r e t i n o l  i s  a s s o c i a t e d  w i t h  w e i g h t  l o s s  o r  
c a c h e x i a ,  s t r e n u o u s  e f f o r t s  s h o u l d  b e  made  t o  r e s t o r e  o r  m a i n t a i n  
a d e q u a t e  e n e r g y  and p r o t e i n  i n t a k e ,  e i t h e r  e n t e r a l l y  o r  p a r e n t e r a l l y  
a s  t h i s  i s  m o r e  l i k e l y  t o  b e  b e n e f i c i a l  t h a n  g i v i n g  v i t a m i n  
s u p p l e m e n t s  o r  r e t i n o i d s .
S t u d i e s  o n  d i e t a r y  v i t a m i n  A a n d  c a n c e r  h a v e  f o r  t h e  m o s t  p a r t  
s h o w n  r e d u c e d  r i s k  a s s o c i a t e d  w i t h  v e g e t a b l e  a n d  m i l k  c o n s u m p t i o n .  
T h i s  h a s  g e n e r a l l y  b e e n  i n t e r p r e t e d  a s  an  e f f e c t  o f  v i t a m i n  A.  The  
c r u d e  n a t u r e  o f  m o s t  o f  t h e s e  s t u d i e s  r e q u i r e s  t h a t  t h e y  b e  
i n t e r p r e t e d  w i t h  c a u t i o n .  S t u d i e s  t h a t  have  e m p l o y e d  more  a p p r o p r i a t e  
m e t h o d o l o g y  h a ve  f a i l e d  t o  f i n d  an  a s s o c i a t i o n  w i t h  m i l k  o r  v e g e t a b l e s  
( G r e g o r  e £  a l . , 1 9 8 0 } .  T he  r e l a t i o n s h i p  b e t w e e n  t o t a l  v i t a m i n  A a n d  
c a n c e r  i s  u n c l e a r  a t  p r e s e n t  b e c a u s e  o f  t h e  c o n f l i c t i n g  e v i d e n c e  
( S h e k e l l e  et^ a l ,  1 9 8 1 ;  G r e g o r  ej:  a ^ ,  1 9 8 0 ) .  A v e r y  r e c e n t  s t u d y  t h a t  
u s e d  a d e t a i l e d  q u a n t i t a t i v e  f o o d  f r e q u e n c y  q u e s t i o n n a i r e  f o u n d  
i n v e r s e  a s s o c i a t i o n s  b e t w e e n  t o t a l  v i t a m i n  A i n t a k e ,  f o o d  v i t a m i n  A 
a n d  b e t a  c a r o t e n e  i n t a k e  a n d  r i s k  o f  l u n g  c a n c e r  i n  men b u t  n o t  i n
women (Ward Hinds  e t  a l . ,  19 8 4 ) .  Our s t u d i e s  p r o v i d e  n o  e v i d e n c e  f o r  
v i t a m i n  A d e f i c i e n c y  i n  t h e  r a n g e  o f  c a n c e r s  s t u d i e d .  F u r t h e r m o r e ,  
t h e  p a t t e r n  o f  f o o d  c o n s u m p t i o n  w a s  s i m i l a r  i n  c a s e s  a n d  h o s p i t a l  
c o n t r o l s .  The p r e s e n t  s t u d i e s  w e r e  s m a l l  a n d  i t  i s  p o s s i b l e  t h a t  
l a r g e r  s t u d i e s  may have  r e v e a l e d  d i f f e r e n t  p a t t e r n s  o f  c o n s u m p t i o n .
Thus t h e  e v i d e n c e  f r o m  human s t u d i e s  p r o v i d e s  l i t t l e  s u p p o r t  f o r  
i n c r e a s i n g  d i e t a r y  r e t i n o l  i n t a k e  e x c e p t  i n  c o n d i t i o n s  o f  d i e t a r y  
d e f i c i e n c y ,  p a r t i c u l a r l y  a s  r e t i n o l  i s  h i g h l y  t o x i c  i f  t a k e n  i n  e x c e s s  
a n d  t h e r e  i s  e v i d e n c e  o f  t e r a t o l o g i c a l  e f f e c t s .  T h e  e v i d e n c e  f o r  a 
p r o t e c t i v e  r o l e  f o r  b e t a  c a r o t e n e  and  f r u i t s  a n d  v e g e t a b l e s  i s  
c o n f l i c t i n g .  We,  l i k e  G r e g o r  et_ a l .  ( 1 9 8 0 ) ,  d i d  n o t  f i n d  l o w e r  
c o n s u m p t i o n  o f  s e l e c t e d  f r u i t s  and v e g e t a b l e s  i n  c a n c e r  p a t i e n t s  when 
c o m p a r e d  t o  h o s p i t a l  c o n t r o l s .  H o w e v e r ,  many s t u d i e s  have s u g g e s t e d  
t h a t  f r u i t s  and v e g e t a b l e s  a r e  p r o t e c t i v e .  A l t h o u g h  p o o r  s t u d y  d e s i g n  
may a c c o u n t  f o r  much o f  t h e  d i f f e r e n c e ,  a p r o t e c t i v e  e f f e c t  c a n n o t  be  
e x c l u d e d .  H y p e r v i t a m i n o s i s  A d o e s  n o t  o c c u r  a s  a  r e s u l t  o f  h i g h  
c a r o t e n e  c o n s u m p t i o n .  B e t a  c a r o t e n e  i s  now a v a i l a b l e  a s  a  s u p p l e m e n t  
i n  " h e a l t h  f o o d  s h o p s " .  A l t h o u g h  c o n s u m p t i o n  o f  s u c h  s u p p l e m e n t s  i s  
u n l i k e l y  t o  b e  h a r m f u l ,  t h e  p r e s e n t  e v i d e n c e  d o e s  n o t  u n e q u i v i c a l l y  
i d e n t i f y  c a r o t e n o i d s  as  t h e  p r o t e c t i v e  e l e m e n t ,  i f  i n d e e d ,  t h e  e f f e c t  
i s  r e a l .  T h u s ,  a l t h o u g h  b e t a  c a r o t e n e  i n t a k e  w o u l d  b e  i n c r e a s e d  b y  
u s e  o f  t h e s e  s u p p l e m e n t s ,  o t h e r  p o t e n t i a l l y  b e n e f i c i a l  c o n s t i t u e n t s  o f  
f r u i t s  and v e g e t a b l e s  w o u l d  be  a b s e n t .  I t  may t h e r e f o r e  be  b e n e f i c i a l  
t o  i n c r e a s e  c o n s u m p t i o n  o f  f r u i t s  and  v e g e t a b l e s ,  p a r t i c u l a r l y  as  t h i s  
i s  u n l i k e l y  t o  be  d e t r i m e n t a l ,  a n d  i s  i n  l i n e  w i t h  d i e t s  t h a t  a r e  
c o n s i d e r e d  d e s i r a b l e  i n  c o u n t e r a c t i n g  o t h e r  d e g e n e r a t i v e  d i s e a s e s  s u c h  
as  h e a r t  d i s e a s e .
I n  t h e  p r e s e n t  s t u d i e s  we a t t e m p t e d  t o  e s t a b l i s h  w h e t h e r  l o w e r  
s e r u m  r e t i n o l  a n d  a s s o c i a t e d  f a c t o r s  wa s  a g e n e r a l i s e d  e f f e c t  o f  
c a n c e r  o r  s p e c i f i c  t o  c e r t a i n  tu m ou r  s i t e s  o r  t y p e s .  We a l s o  w i s h e d  
t o  e s t a b l i s h  w h e t h e r  t h e  r e d u c t i o n  o c c u r r e d  b e f o r e  o r  e a r l y  on  o r  o n l y  
r e s u l t e d  f r o m  a d v a n c e d  d i s e a s e .  We a l s o  w i s h e d  t o  e s t a b l i s h  w h e t h e r  
t h e  l o w e r  " v i t a m i n  A" c o n s u m p t i o n  t h a t  had b e e n  i d e n t i f i e d  i n  v a r i o u s  
g r o u p s  o f  c a n c e r  p a t i e n t s  c o u l d  b e  d e m o n s t r a t e d  i n  s m a l l  g r o u p s  o f  
p a t i e n t s  w i t h  m o r e  a p p r o p r i a t e  m e t h o d o l o g y .  A l t h o u g h  we  h a v e  s h e d  
l i g h t  o n  t h e s e  p r o b l e m s ,  f u r t h e r  w o r k  i s  n e c e s s a r y  b e f o r e  t h e  
q u e s t i o n s  c a n  be  c l e a r l y  a n s w e r e d .
In  t h e  p r e s e n t  s t u d i e s  mean se ru m  r e t i n o l  and c a r o t e n o i d s  w e r e  
l o w e r  i n  p a t i e n t s  w i t h  a d v a n c e d  c e r v i c a l  c a n c e r  t h a n  i n  e a r l y  c e r v i c a l  
c a n c e r  and i n d i v i d u a l s  w i t h  CIN had mean s e ru m  r e t i n o l  and  a s s o c i a t e d  
f a c t o r s  t h a t  w e r e  n o  d i f f e r e n t  f r o m  i n d i v i d u a l s  w i t h  n o n  m a l i g n a n t  
g y n a e c o l o g i c a l  d i s e a s e .  Serum r e t i n o l  and a s s o c i a t e d  f a c t o r s  w e r e  n o t  
a l t e r e d  i n  t r a n s i t i o n a l  c e l l  c a r c i n o m a  o f  t h e  b l a d d e r  o r  
a d e n o c a r c i n o m a  o f  t h e  e n d o m e t r i u m  o r  MM a l t h o u g h  s e r u m  c a r o t e n o i d s  and 
PA w e r e  l o w e r  i n  t h e  l a t t e r  t w o  m a l i g n a n c i e s .  H o w e v e r ,  f e w  o f  t h e s e  
p a t i e n t s  h a d  a d v a n c e d  d i s e a s e .  I t  i s  p o s s i b l e  t h a t  t h e  s e r u m  
p a r a m e t e r s  w o u l d  b e  r e d u c e d  i n  a d v a n c e d  d i s e a s e ;  a l t e r n a t i v e l y  i t  
c o u l d  b e  t h a t  r e d u c t i o n  i n  t h e  p a r a m e t e r s  i s  s p e c i f i c  f o r  c e r t a i n  
t u m o u r  t y p e s .  F u r t h e r  s t u d i e s  o n  p a t i e n t s  w i t h  a d v a n c e d  s t a g e s  o f  
t h e s e  d i s e a s e s  w o u l d  r e s o l v e  t h i s  p r o b l e m .
In  t h e  p r e s e n t  w o r k  we h a ve  s p e c u l a t e d  t h a t  w e i g h t  l o s s ,  a n o r e x i a  
a n d  c a c h e x i a  a r e  i m p o r t a n t  f a c t o r s  t h a t  may h a v e  c o n t r i b u t e d  t o  t h e  
r e d u c e d  s e r u m  r e t i n o l  a n d  a s s o c i a t e d  f a c t o r s  s e e n  by  a n u m b e r  o f  
w o r k e r s ,  a n d  we  h a v e  f u r t h e r  s p e c u l a t e d  t h a t  t h e  e f f e c t  i s  n o n
FUTURE WORK,
240
s p e c i f i c  and  t h a t  s e v e r a l  o t h e r  n u t r i t i o n a l  p a r a m e t e r s  may be  e q u a l l y  
a f f e c t e d *  C a n c e r  p a t i e n t s  h a v e  b e e n  c o m p a r e d  t o  h e a l t h y  p e o p l e  o r  
p e o p l e  w i t h  non  m a l i g n a n t  d i s e a s e .  H o w e v e r ,  t h e  p r o g n o s i s  o f  p a t i e n t s  
w i t h  non m a l i g n a n t  d i s e a s e  i s  g e n e r a l l y  g o o d .  I n d e e d  i n  o u r  s t u d i e s ,  
a l m o s t  a l l  p a t i e n t s  w o u l d  b e  e x p e c t e d  t o  r e c o v e r .  L i v e r  r e t i n o l  
r e s e r v e s  a r e  l o w e r  i n  many c h r o n i c  d i s e a s e s  t h a n  i n  c a n c e r .  I t  may 
w e l l  b e  t h a t  s e r u m  r e t i n o l  i s  s i m i l a r l y  r e d u c e d  i n  o t h e r  c h r o n i c  
d e b i l i t a t i n g  d i s e a s e s .  E x p l o r a t i o n  o f  t h e s e  a r e a s  w o u l d  y i e l d  u s e f u l  
r e s u l t s  f o r  i n t e r p r e t i n g  s t u d i e s  o f  v i t a m i n  A and c a n c e r .
The e v i d e n c e  t o  d a t e  s t r o n g l y  s u g g e s t s  t h a t  l o w e r  s e r u m  r e t i n o l
and a s s o c i a t e d  f a c t o r s  o c c u r  a s  a  c o n s e q u e n c e  o f  t h e  t u m o u r .  H o w e v e r ,
be
c o n c l u s i v e  e v i d e n c e  w i l l  p r o v i d e d  o n l y  b y  l o n g i t u d i n a l  p r o s p e c t i v e
A
s t u d i e s ,  w h e r e  s a m p l e s  a r e  o b t a i n e d  a t  i n t e r v a l s  p r i o r  and s u b s e q u e n t  
t o  d e v e l o p m e n t  o f  c a n c e r ,  t o  e s t a b l i s h  w h e t h e r  s e r u m  r e t i n o l  f a l l s  
w i t h  d e v e l o p m e n t  o f  c a n c e r .  H o w e v e r ,  d e s p i t e  t h e  w e i g h t  o f  e v i d e n c e ,  
o b s e r v a t i o n s  h a v e  b e e n  made t h a t  h i g h e r  s e ru m  r e t i n o l  c o n c e n t r a t i o n s  
a r e  a s s o c i a t e d  w i t h  r e d u c e d  r i s k  o f  c a n c e r  i n  som e p o p u l a t i o n  g r o u p s .  
T h i s  a r e a  w a r r a n t s  f u r t h e r  s t u d y .  I n  t h e  p r e s e n t  s t u d y  t h e r e  w a s  a 
t e n d e n c y  f o r  RBP and PA t o  n o r m a l i s e  d u r i n g  t h e r a p y .  Serum c a r o t e n o i d s  
d e c r e a s e d  and r e t i n o l  was  u n a l t e r e d .  H o w e v e r ,  r e t i n o l  may a c t u a l l y  
hav e  i n c r e s e d  a s  c a r o t e n o i d s ,  com pou nds  t h a t  i n t e r f e r e  w i t h  t h e  m e t ho d  
o f  m e a s u r i n g  s e r u m  r e t i n o l ,  d e c r e a s e d .  I t  was  d i f f i c u l t  t o  d i s s o c i a t e  
t h e  e f f e c t s  o f  t h e r a p y  f r o m  c h a n g e s  as  a r e s u l t  o f  d e c r e s e s  i n  tu m our  
mass o r  a c t i v i t y .  I t  w o u l d  be  w o r t h w h i l e  m e a s u r i n g  s e r u m  r e t i n o l  i n  
p a t i e n t s  p r i o r  t o  and  d u r i n g  t h e r a p y  and when t h e y  had r e c o v e r e d  f r o m  
t h e r a p y  and w e r e  c l i n i c a l l y  f r e e  f r o m  d i s e a s e .  I n  f u t u r e  s t u d i e s  on  
s e r u m  r e t i n o l  and  c a n c e r  a more  s p e c i f i c  m e t ho d  s u c h  a s  HPLC s h o u l d  be  
u s e d .
T h e  r o l e  o f  d i e t a r y  " v i t a m i n  A" i n  c a n c e r  p r e v e n t i o n  i s  s t i l l  
u n c l e a r .  Few s t u d i e s  h a v e  a s s e s s e d  t o t a l  v i t a m i n  A i n t a k e  a n d  t h e  
r e s u l t s  o f  t h e s e  s t u d i e s  a r e  c o n f l i c t i n g .  H i g h  i n t a k e s  o f  b e t a  
c a r o t e n e  and f r u i t s  and v e g e t a b l e s  h a ve  b e e n  w i d e l y  l i n k e d  t o  r e d u c e d  
r i s k  o f  c a n c e r .  H o w e v e r ,  t h e  c r u d e  n a t u r e  o f  m o s t  o f  t h e  s t u d i e s  
p r e c l u d e s  f i r m  c o n c l u s i o n s .  In  common w i t h  G r e g o r  e t  a l .  ( 1 9 8 0 )  we d i d  
n o t  o b s e r v e  l o w e r  c o n s u m p t i o n  o f  f r u i t s  a n d  v e g e t a b l e s  i n  c a n c e r  
p a t i e n t s  when c o m p a r e d  t o  h o s p i t a l  c o n t r o l s .  F u r t h e r  d i e t a r y  s t u d i e s  
t h a t  u s e  a p p r o p r i a t e  m e t h o d o l o g y  a r e  r e q u i r e d  t o  e s t a b l i s h  w h e t h e r  
d i e t a r y  t o t a l  v i t a m i n  A, r e t i n o l ,  c a r o t e n e  o r  f r u i t s  and  v e g e t a b l e s  do  
h a v e  any t r u e l y  p r o t e c t i v e  e f f e c t s  a g a i n s t  c a r c i n o g e n i c  i n s u l t s .  I n  
o r d e r  t o  a i d  i n t e r p r e t a t i o n ,  f u r t h e r  i n f o r m a t i o n  on  t h e  s t a b i l i t y  o f  
i n d i v i d u a l  d i e t a r y  p a t t e r n s  and t h e  i m p a c t  o f  t h i s  on  n u t r i e n t  i n t a k e ,  
i s  r e q u i r e d .
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Di d you have any pr obl ems f i l l i n g  i n  the q u e s t i o n n a i r e  7
Butter  o r margarine. Do you add th is  to any food o ther than spreading  
on bread or crispbreads 7 e .g .  on vegetables or potatoes.
L iv e r .  When you ea t  l i v e r  do you eat  more or less than th is  or is your 
p ortion  about the same s ize  7
Kidney. How much kidney do you e a t  a t  a port ion  ( in  r e la t io n  to l i v e r  
port io n )  7
Cheese. When you e a t  cheese, do you usually  e a t  more o r  less than th is  
or is your p ort io n  about the same s ize  7
Hi Ik products. What k ind  o f  m ilk  products do you ea t  ?
Cream and condensed m i lk .  Do you have a generous port ion  o r  j u s t  a l i t t l e  
dash ?
Carro ts .  When you eat  c a rro ts  do you eat  more or less than th is  or is 
your port ion  about the same s ize  7
P e a s  an d  g r e e n  b e a n s .  Do y o u  e a t  more o r  f e w e r  p e a s  and g r e e n  b e a n s  a t  
a  p o r t i o n  th a n  c a r r o t s  7
276
10. Spinach, spring greens and cabbage. Do you eat  more or less than th is  a t  
a portion  or is your p o r t io n  about the same s ize  7
11. Tomatoes. When you e a t  tomatoes are they usually fresh o r  tinned 7 How 
many do you ea t  in one por t io n  ?
12. Salad. When you e a t  salad vegetables is th is  ju s t  a garnish or a whole 
p la te fu l  ?
13. Tropical f r u i t .  What kinds o f  t ro p ic a l  f r u i t  do you eat  ? 
the p or t io n  s ize  ?
Can you in d ic a te
1*». Food contain ing  p a s try .  What kinds o f  foods are these usually  7 I f  you had 
a piece o f  p ie  would i t  be la rg e r  o r  smaller than th is  ?
15. Cakes. What s o r t  o f  cakes do you ea t  ? Are they usually  home made o r
bought ? How la rg e  a p iece do you usually  eat  ? Is i t  la rg e r  o r  sm alle r  
than th is  7
1 6 . Other  p o i n t s .
STANDARD PORTIONS
APPENDIX II.
FOOD WEIGHT (g) FOOD WEIGHT (g)
Eggs 60 C h o c o l a t e 50
O i l y  f i s h 120 L i v e r  s a u s a g e 30
Y o g h u r t 150 H a g g i s 200
I c e  cream 100 P a t e 3 0 / 4 0
O r a n g e s 100 M a y o n a i s e 15
A p p l e / p e a r 120 Tomato p u r e e 15
Banana 100 F r u i t  j u i c e 1 2 0 / 2 0 0
P e a c h e s 120 Tomato j u i c e 120
Canned f r u i t 120 F a g g o t s 160
B u t t e r  on  s m a l l  s l i c e  o f  b r e a d  ( f r i d g e ) -  t h i n  6 g ,  med 9 g ,  t h i c k  1 2 g .
( r o o m  t e m p e r a t u r e ) -  t h i n  5 g ,  med 7 . 5 g ,  t h i c k  l O g .
B u t t e r  on l a r g e  s l i c e  o f  b r e a d  ( f r i d g e ) - t h i n  7 g ,  med 1 0 . 5 g ,  t h i c k  14g .
( r o o m  t e m p e r a t u r e ) -  t h i n  6 g ,  med 9 g ,  t h i c k  1 2 g .
B u t t e r  on  v e g e t a b l e s  -  s m a l l  l O g ,  med 1 5 g ,  g e n e r o u s  2 0 g .
B u t t e r  f o r  f r y i n g  -  l O g .
FAT INDEX - STANDARD PORTIONS.
APPENDIX III.
FOOD WEIGHT
Meat 100
C h i c k e n 100
Bacon 60
O i l y  f i s h 120
M a y o n a i s e /  
s a l a d  c rea m
15
B i s c u i t s 20
Nuts 30
C r i s p s 30
Fat  f o r  f r y i n g 10
PATTERN OF FOOD CONSUMPTION - CATEGORIES.
Four categories were defined for each food. Values are grams per week 
unless otherwise stated.
APPENDIX IV.
CERVICAL AND ENDOMETRIAL CANCER STUDY.
FOOD 1 2 3 4
Liver 0 1-38 39-76 >76
Green beans 0 1-80 81-160 >160
Peas 0 1-80 81-160 >160
Dark green 0 1-80 81-160 >160
vegetables
Cabbage 0 1-80 81-160 >160
Carrots 0 1-79 80-160 >160
Tomatoes 0 1-559 560-1119 >1119
Salad 0 1-159 160-320 >320
Orange s 0 1-100 101-700 >700
Apples 0 1-420 421-840 >840
Bananas 0 1-100 101-350 >350
Pastry 0 1-80 81-160 >160
Cake 0 1-85 86-170 >170
Pate 0 1-30 31-60 >60
Fruit juice 0 1-840 841-1680 >1680
Butter 0 1-175 176-350 >350
Margarine 0 1-175 176-350 >350
Milk 0 1-1988 1989-3976 >3976
Cheese 0 1-349 350-700 >700
Eggs 0 1-180 181-360 >360
Meat
(times/week)
0-1 2-4 5-6 >6
Fat (g/ctoy ) c 1 W1 c 51-100 101-150 >150
APPENDIX V.
CLINICAL DETAILS OF CERVICAL CANCER PATIENTS.
Clinical details were extracted from patients' notes. Histology 
was performed at the Royal Marsden unless otherwise stated. The 
abbreviations used are as follows:
ER - external irradiation, 
caesium - caesium insertion.
PM - postmenopausal.
SCC - squamous cell carcinoma of cervix.
ACC - adenocarcinoma of cervix.
ASC “ adenosquamous carcinoma of cervix.
IVP - intravenous pyelogram.
CT scan - computerised tomography scan.
(GDH) - Greenwich District Hospital.
(SL) - St Luke's Hospital.
(CHW) - Chelsea Hospital For Women.
(FN) - Fitzroy Nuffield Hospital.
OC - oral contraceptive.
STG - stage of disease.
Name Age Smoke OC STG Clinical details
B.A. 57 Y - IB In situ and poorly differentiated SCC.
Presented with PM bleeding. Posterior fornix 
obliterated by tumour. One suspicious node 
on lymphogram.Treated byER and 2 caesiums.
V.A. 53 - - IIB Moderately well differentiated invasive SCC.
Presented with PM bleeding. Bulky tumour 
covering most of cervix and just spreading onto 
anterior fornix. Treated by ER and 2 caesiums.
N.B. 66 - - IB Squamous carcinoma (GDH). Presented with PM
bleeding. Large ulcer at external os on 
anterior lip of cervix, no parametria! or 
uterosacral disease. Suspicious node on the 
right side of pelvis. Treated by 2 caesiums.
A.B. 53 Y III Poorly differentiated SCC. Presented with PM
spotting. Friable growth replacing almost the 
whole cervix and extending half way down the 
vagina with a separate nodule below. Appetite 
good and no bachache. Suspicious lymph nodes 
on left. Treated by ER and 1 caesium.
L.B. 62 Y - III Poorly differentiated SCC. Presented with PM
bleeding and discharge. Ectocervix completely 
replaced by ulcer, uterus fixed to pelvic wall 
on right. Metastases revealed on lymphogram in 
right iliac nodes. Treated by 3 caesiums and 
ER. Deceased - advanced cervical carcinoma.
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G.B. 60 Y - III Keratinizing moderately differentiated SCC.
Unwell for 8 months, persistent urinary tract 
infections, followed by vaginal bleeding. Huge 
bulky cervix, soft tissue mass compressing and 
probably infiltrating bladder. Thin cachexic 
looking woman, but says appearance and appetite 
normal. Treated by ER. Short remission of 
symptoms, died with advanced uraemia as a 
consequence of cervical carcinoma.
C.B. 78 - - III Moderately well differentiated SCC. Presented
with PM bleeding. Vaginal cervix destroyed by 
tumour, probably involving vault; bulky, firm 
supravaginal cervix, uterus fixed to right 
pelvic wall. Treated by ER and 2 caesiums.
L.B. 26 - - IB Poorly differentiated, widely infiltrating SCC.
Exophytic growth involving posterior cervical 
lip, spreading backwards up cervix. Presented 
with post coital spotting and bleeding.
Treated by 2 caesiums and surgery.
M.b. 78 - - III Infiltrating poorly differentiated SCC.
Presented with PM bleeding. Cervix replaced by 
hard craggy tumour extending to fornicies and 
upper 1/3 vagina, left parametrium involved out 
to pelvic wall, right parametrium and 
uterosacral involved to pelvic wall.
Possibility of intra pulmonary deposits.
Treated by ER and 1 caesium.
BJ£, 55 - - IB Well differentiated SCC. Presented with PM
bleeding. Quite bulky tumour involving cervix. 
2 suspicious lymph nodes in pelvis. Treated by 
ER and 2 caesiums.
J.C. 50 Y - IIB Infiltrating poorly differentiated SCC.
Presented with heavy vaginal bleeding.
Enlarged craggy cervix, tumour involves 
anterior lip with some extension into the left 
parametrium. Treated by ER.
M.C. 58 Y - I B  Infiltrating poorly differentiated SCC.
Presented with 2 year history of post coital 
bleeding. Bulky tumour involving anterior 
fornix and just beginning to come down the 
vaginal wall. Treated by 3 caesiums and ER.
M.C. 51 “ - IIA Infiltrating poorly differentiated SCC.
Presented with PM bleeding. Cervix replaced by 
friable growth extending into posterior fornix, 
canal could not be identified. Treated by 2 
caesiums and ER.
Naiae Age Snoke PC STG Clinical details
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C.C. 33 - Y IB Moderately differentiated SCC. Presented with
bleeding from cervix and considerable pain in 
left iliac fossa. Large bulky cervix typical 
of endocervical tumour. Lost a little weight 
but generally well. Treated by ER and 
Wertheim's hysterectomy - tumour in one 
fallopian tube.
K.F. 55 - - IB Infiltrating poorly differentiated SCC.
Presented with purulent vaginal discharge and 
painless haematuria. Large ulcer palpable at 
cervical os. Treated by ER and 1 caesium.
S.G. 37 - IB Extensive carcinoma in situ with invasion of
underlying stroma by moderately well 
differentiated SCC. Presented with post coital 
bleeding. Quite large tumour involving both lips 
of cervix. Lymphogram revealed bilateral lymph 
node metastases. Treated by ER and radical 
abdominal hysterectomy and total pelvic lymph 
adenectomy - common iliac and external lymph 
nodes on left involved and gross residual 
disease extending from cervix into para 
cervical tissue. Central recurrence of 
cervical carcinoma 7 months after starting 
therapy. Left kidney non functioning, marked 
hydronephrosis and hydroureter on right; lower 
motor neurone deficit as a result of pelvic 
recurrence* Died 15 months after diagnosis as 
a result of recurrent cervical carcinoma.
B.G. 39 Y - IIB Invasive SCC. Presented with 3 month history
of menorrhagia and lower abdominal discomfort. 
Bulky cervix, ulcer on left side of posterior 
lip with extension into left fornix. Lost some 
weight with anxiety. Treated by ER and 
Wertheim's hysterectomy.
J.H. 65 - - IIA In situ and infiltrating poorly differentiated
SCC. Presented with PM bleeding. Necrotic 
growth replacing cervix - involving all 
fornicies and extending a little more down the 
posterior vaginal wall. Treated by ER and 2 
caesiums. Cervical carcinoma recurred 6 months 
after diagnosis, associated with weight loss 
and lack of energy. Died 3 months later.
M.H. 43 Y - IB Infiltrating non keratinizing poorly
differentiated SCC. Presented with vaginal 
discharge. Bulky ulcerating exophytic 
lesion confined to cervix. Treated by ER, 1 
caesium and surgery.
Name Age Smoke PC STG Clinical details
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A.H. 25 K - I IB
B.J. 28 - - IB
Name Age Smoke OC STG
A.K. 56 Y - II
L.L. 73 Y - II
W.M. 61 - III
S.M. 78 Y - 1
D.M. 54 - - III
Invasive poorly differentiated non keratinizing 
large cell SCC (SL). Presented with 2 episodes 
of intermenstrual bleeding and abnormal smear. 
Cervix involved out to uterosacral ligaments on 
the left.
In situ and poorly differentiated SCC.
Presented with blood stained discharge per 
vagina at 14 weeks of pregnancy. Large 
hypertrophic lesion replacing entire lip of 
cervix. CT scan Shows tumour extending into 
broad ligaments bilaterally. Treated by ER, 1 
caesium and Wertheim's Hysterectomy.
Moderately well differentiated keratinizing 
SCC. Presented with PM spotting and abnormal 
smear. No identifiable cervix remaining, vault 
ulcerated, canal not identified. Treated by ER 
and 2 caesiums.
In situ and superficially infiltrating SCC. 
Presented with 1 week history of PM bleeding. 
Diffuse infiltrating lesion of cervix involving 
practically all fornicies and extending to 
upper vagina on right. Treated by ER.
Poorly differentiated infiltrating SCC. 
Malignant ulcer of the cervix extending to left 
parametrium with very limited mobility and 
possibly extending to pelvic wall. Treated by 
ER.
Moderately differentiated SCC (CHW). Presented 
with PM bleeding. Cervix firm, irregular, not 
particularly enlarged. Treated by ER and 2 
caesiums.
Poorly differentiated invasive SCC. Presented 
with PM bleeding, urinary frequency, lower 
abdominal and back pain, slight ankle swelling, 
loss of appetite, nausea and half a stone 
weight loss. Large cauliflower mass arising 
from cervix, particularly anterior lip 
filling whole vaginal vault. Right 
parametrium filled with growth and relatively 
immobile, left parametrium involved but 
mobility greater. IVP revealed bilateral 
hydronephrosis and hydroureters. Treated by ER 
but died within one month of starting due to 
carcinomatosis as a result of cervical cancer.
Clinical details
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K.M. 84 - - IV poorly differentiated SCC with large liver
metastases. Presented with PM bleeding. Not 
treated. Died as a result of cardiorespiratory 
failure, carcinomatosis and cervical cancer 
with secondaries.
P.N. 27 - - IB Moderately to poorly differentiated SCC.
Presented with post coital bleeding. Sessile 
cervical polyp and areas of errosion. Treated 
by 2 caesiums and Wertheim's hysterectomy.
M.O. 55 - - III Carcinoma of cervix. Presented with spotting
and post coital bleeding. Large ulcerative 
tumour destroying the cervix and comming down 
to upper vagina and into pelvic wall. Treated 
byERand2 caesiums. Six monthsafter 
completing therapy complained of pain and 
abdominal tenderness; barium enema revealed 
acute radiation changes.
I.P. 79 - - III Infiltrating poorly differentiated focally
keratinizing SCC. Second primary cervical 
cancer arising after 22 years. Presented with 
progressive swelling of left leg and blood 
stained vaginal discharge. Friable fungating 
tumour involving mainly left side, flattened 
plaque of tumour involving the vault and 
inferior vaginal wall down to junction of upper 
and mid third of vagina; there is a separate 
mass in the left iliac fossa. Lymphogram 
revealed grossly involved pelvic nodes on the 
left. Treated by ER and 2 caesiums.
O.P. 53 - - IB In situ and widely infiltrating poorly
differentiated SCC. Presented with post coital 
bleeding. Lymphogram slightly suspicious in 
right common iliac nodes. Treated by ER and 2 
caesiums.
A.R. 8b - - 111 Poorly differentiated SCC. Presented with PM
bleeding. Extensive exophytic tumour involving 
entire cervix and extending deeply into right 
posterior fornix, into pelvic wall and onto 
right and left lateral vaginal walls. Treated 
by 2 caesiums and ER.
J.R. 50 - - IB Moderately differentiated SCC (FN). Presented
with slight post coital bleeding, detected on 
routine smear. Large bulky, pale tumour 
infiltrating anterior lip of cervix up into 
cervical canal; no extension onto ectocervix. 
Treated by 2 caesiums and Wertheim's 
hysterectomy.
Name Age Smoke PC STG Clinical details
Name Age Smoke OC STG 
Y.S. 24 - - I1A
E.S. 41 Y - I
E.S* 52 - IIA
A.S. 58 - III
B.S. 41 - - I
I.T. 55 Y - III
M.T. 57 - III
Moderately differentiated SCC with areas of 
carcinoma in situ (CHW). Patient asymptomatic 
- detected on routine smear. Cervix 
extensively covered by raised papilliferous 
tumour, mainly on anterior lip but extending 
onto anterior vaginal wall and lateral lip. 
Treated by 1 caesium and surgery.
Moderately well differrentiated SCC. Detected 
on smear taken after birth of baby. Treated by 
ER, I caesium and Wertheim's hysterectomy.
Deeply infiltrating, poorly differentiated SCC. 
Presented with PM bleeding. Tumour probably 
extends to endometrium. Treated by 3 caesiums 
and ER.
Clinical details
Moderately well differentiated SCC. Presented 
with urgency of bowels. Enormous tumour 
involving upper half of vagina, bladder almost 
certainly involved, the tumour mass almost 
encircles the rectum. Patient remarkably well. 
Lymphogram revealed extensive node involvement 
up to L4, chest x-ray suggests a single 
metastasis. Treated by ER and low dose cis- 
platinum.
Invasive SCC (CHW). Presented with haematuria 
during pregnancy. Ulcerative lesion on cervix, 
1 cm in diameter. Treated by ER, 1 caesium, 
and Wertheim's hysterectomy.
Well differentiated keratinizing invasive SCC. 
Presented with intermittent bleeding for 2 
years, discharge and lower abdominal 
discomfort. Craggy cervix eroded and fixed on 
the left side with thickening of the left 
parametrium into the pelvic wall. Treated by 
ER and 2 caesiums.
Infiltrating poorly differentiated keratinizing 
SCC. Presented with PM bleeding and pain.
Large exophytic ulcerated growth occupying 
cervix and extending into vaginal fornicies, 
supravaginal cervix and right ligament to bone. 
Lymphogram suspicious. 2 stone weight loss as 
a consequence of "nerves" and not feeling well. 
Treated by ER and 1 caesium.
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l.T. 48 Y - III Moderately differentiated keratinizing SCC.
Presented with pain, backache and offensive 
blood stained vaginal discharge. Appetite poor 
and 31/2 stones in weight lost in three 
Months. Lymphogram revealed node involvement 
to L3 on both sides of pelvis. Treated by ER 
but died of advanced carcinoma of the cervix 
within 6 months of starting therapy.
G.T. 64 - - II Moderately differentiated SCC (GDH). Presented
with post coital bleeding for six years and 
intermittent PM bleeding for 2 years. Whole of 
cervical canal replaced by hard friable tissue, 
extensive disease destroying cervix with some 
infiltration of right parametrium. Treated by 
ER - complicated by immune type 
thrombocytopenia. Wertheim's hysterectomy 
revealed metastases in right iliac nodes - 
given post operative ER.
R.V. 60 - - IIB Moderately differentiated SCC. Presented with
PM discharge and pain for 6 months. Fungating 
tumour obliterating right fornix with growth 
onto upper right and lateral wall. Treated by 
2 caesiums and ER.
M.V. 43 - 1 Poorly differentiated SCC. Presented with
post coital bleeding. Treated by 1 caesium and 
hysterectomy and bilateral salpingo- 
oophorectomy.
L.W. 29 - - IB Well differentiated SCC. Presented with
intermenstrual bleeding. Bulky mobile tumour 
which is beginining to invade left fornix. 
Treated by 2 caesiums and Wertheim's 
hysterectomy.
E.W. 68 Y - III Moderately differentiated infiltrating SCC.
Presented with PM spotting. Appetite good but 
some weight loss. All fornicies involved, left 
parametrium and uterosacral ligament nodular 
and involved but not quite out to pelvic wall. 
Large firm mass at introitus anteriorly. 
Lymphogram distorted - probably metastases. 
Treated by ER, 2 caesiums and chemotherapy 
(Price-Hill, without platinum and 1 course 
JM8). Died 8 months after diagnosis with 
obstructive uropathy as a concequence of 
cervical cancer.
Name Age Smoke OC STG Clinical details
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G.W. 59 - - IB Moderately differentiated invasive SCC.
presentd with PM bleeding. Cervix ulcerated 
around external os. Treated by 3 caesiums and 
ER.
D.W. 79 - - III In situ and infiltrating moderately
differentiated SCC. Presented with PM bleeding 
and lower abdominal pain. Extensive necrotic 
ulcer crater destroying cervix and eroding 
deeply into posterior fornix and entire upper 
vagina. Treated by ER.
L.W. 65 - - I1A Well differentiate large cell non keratinizing
SCC (GDH). Presented with lower abdominal pain 
and vaginal discharge for 7 months. Tumour 
extends into endocervix and down anterior 
vaginal wall and into left fornix. Lymphogram 
revealed positive nodes on both sides of 
pelvis. Treated by ER and 2 caesiums*
l.C. 35 - - I Well differentiated ACC (CHW). Presented with
post coital bleeding following 2 year history 
of abnormal smears. Treated by ER and 1 
caesium.
M.C. 43 - - IB Moderately differentiated papillary ACC.
Presented with menorrhagia, intermenstrual and 
post coital bleeding. Cauliflower like growth 
involving posterior and left lip. Treated by 
ER and 1 caesium*
M.D. 44 Y - IB Well differentiated ACC with inflammatory
changes in the stroma. Presented with post 
coital and intermenstrual bleeding. Treated 
by ER, 1 caesium and extended hysterectomy and 
lymph node biopsy.
Name Age Smoke PC STG Clinical details
M.D. 52 - - I ACC (CHW). Detected on routine smear.
Suspicious lymphogram. Treated by 2 caesiums.
B.D. 42 Y - IB Invasive well differentiated ACC. Presented
with menorrhagia and intermenstrual bleeding. 
Treated by ER, 1 caesium and surgery.
P.S. 43 - - IIA Poorly differentiated ACC with papillary and
tubular differentiation in places (GDH)i 
Presented with vaginal discharge and 
intermenstrual bleeding. Tumour of 
endocervical origin, extending into left 
lateral fornix and parametrium. Lymphogram 
suggests metastases in right pelvic nodes. 
Treated by ER.
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J.R. 25 - - IIA Moderately to poorly differentiated ACC.
Papilliferous exophytic carcinoma of cervix 
extending onto anterior vaginal wall.
Lymphogrm revealed bilateral lymph node stasis 
andfilling defect s.Treated by ER and 
attempted surgery - disease too extensive.
Given cis-platinum chemotherapy.
M.L. 42 - - IIA Moderately differentiatwd ACC with high mitotic
rate (CHW). Presented with post coital 
bleedinganddyspareunia. Adenocarcinoma 
infiltrating upwards into endometrium. Treated 
byERlcaesiumandtotalabdominal 
hysterectomy and bilateralsalpingo- 
oophorectomy.
Name Age Smoke PC STG Clinical details
E.N. 63 - - IB Poorly differentiated ASC consistent with an
endocervical primary. Presented with post 
menopausal bleeding. Huge exophytic growth 
involving virtually entire cervix. Treated 
by ER. Developed pain in ribs - bone scan 
revealed secondary disease in ribs. Died of 
disseminated disease 6 months after starting 
therapy.
B.N. 33 - - IB Mixed well differentiated adenocarcinoma and
SCC of large cell non keratinizing type. 
Detected on routine smear screening. Polyploid 
tumour on anterior lip of cervix. Treated by 
1 caesium and Wertheim's hysterectomy - 
histologically involved pelvic nodes and left 
internal and external Iliac areas. Received ER 
and JM8 chemotherapy but died from a cerebral 
infarct as a result of cervical cancer. Focal 
masses were found in the pituitary, mucosal 
metastases in the bladder, peri uteric tissue, 
para aortic and iliac nodes - histologically 
poorly differentiated adenocarcinoma.
P.$. 46 - - IB Well differentiated ACC and moderately
differentiated SCC with suggestion of 
transition between the two. Presented with 
post coital bleeding and vaginal discharge. 
Anterior lip of cervix mostly replaced 
with tumour extending up anterior cervical 
canal. Treated by ER.
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Name Age Smoke OC STG Clinical details
F.D. 30 - - IB Mixed ASC generally well differentiated SCC
with islands of poorly differentiated atypical 
glandular cells. Presented with intermenstrual 
bleeding and half a stone weight loss.
Necrotic tumour involving most of cervix. 
Treated by ER and I caesium. One year after 
diagnosis multiple liver metatasteses found. 
Treated by JM8 - associated with nausea and 
vomiting but reduction in pain. Appetite poor, 
further metastases diagnosed on scalp and neck. 
Methotrexate started but patient extremely ill, 
weak, and emaciated. Patient developed neck 
and back pain and stiffness due to cerebro 
spinal deposits and died 16 months after 
original diagnosis.
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CLINICAL DETAILS OF ENDOMETRIAL CANCER PATIENTS 
Name Age Smoke OC STG Clinical details
D.A. 73 - I Well differentiated papillary ACE.
Presented with PM bleeding. Treated by 2 
caesiums (cavity 9cm) and extended historectomy 
- superficial myometrial invasion, histology of 
tumour described as adenosquamous carcinoma.
B.B. 90 - -• I Well differentiated ACE. Presented with PM
bleeding. Treated by 2 caesiums (cavity 
6.5cm) and extended total hysterectomy and 
bilateral salpingo oophorectomy - no evidence 
of lymph node involvement.
R.B. 59 - - Infiltrating ACE. Presented with PM bleeding.
No information on treatment.
F.C. 62 - I Well differentiated papillary ACE. Presented
with PM bleeding. Treated by 2 caesiums 
(cavity 7.5cm), and hysterectomy.
W.C. 65 - 1  Moderately well differentiated ACE. Presented
with PM bleeding and vaginal discharge. Right 
pelvic nodes involved. Treated by caesium 
(cavity Bern), and Wertheim's hysterectomy - 
tumour invading half way through myometrium but 
not into the serosa.
F.C. 57 Y - I ACE (Basildon). Presented with PM bleeding.
Treated by 2 caesiums and extended hysterectomy 
- small uterus with multiple fibroids, no 
myometrial invasion.
D.D. 69 - - I Moderately differentiated ACE - amongst the
necotic tissue squamous cells were identified. 
Presented with PM bleeding and pain in left 
groin. Treated by 1 caesium (cavity 8.5cm) and 
extended hysterectomy.
G.D. 54 - - 1 Poorly differentiated clear cell ACE.
Presented with irregular menstruation. Treated 
with 3 caesiums (cavity 10cm), and surgery.
M.D. 45 - - 1 Papillary ACE with hobnail pattern -
mesonephroid ACE. Presented with PM bleeding, 
has been on hormone replacement for 2 months. 
Treated by 2 caesiums (cavity 8cm) and surgery.
Clinical details
Moderately to poorly differentiated ACE.
Cervix positive for ACE. Presented with PM 
bleeding and pain - has lost half a stone in 
weight. Lymphogram revealed metastases in left 
para aortic nodes, also has hydronephrosis. 
Treated by 2 caesiums (cavity 10cm) and total 
abdominal hysterectomy - microscopically poorly 
differentiated mucin secreting ACE. Tumour 
infiltrating muscle but not deeply. Given post 
operative ER and started on Provera.
ACE of mixed pattern, half showing moderate 
differentiation with some papillary features, 
remainder poorly differentiated clear cell ACE. 
Presented with PM spotting. Treated by 2 
caesiums (cavity 6.5cm), and surgery.
Moderately well differentiated papillary ACE 
(St Marys). Presented with PM bleeding and 
pain. Weight down slightly because of pain. 
Treated by 2 caesiums (cavity 7.5cm), and 
surgery.
Moderately differentiated, partly papillary 
ACE. Presented with PM bleeding. Treated by 2 
caesiums (cavity 7cm) and total abdominal 
hysterectomy and salpingo oophorectomy - no 
significant penetration of the myometrium.
Moderately differentiated ACE. Presented with 
PM bleeding. Treated by 2 caesiums (cavity 
6cm), Provera and total abdominal hysterectomy 
with right oophorectomy - no myometrial 
involvement.
Well differentiated ACE. Presented with PM 
bleeding. Treated by 2 caesiums (cavity 8 cm), 
and extended hysterectomy and bilateral 
salpingo oophorectomy- adenocarcinoma in ;situ 
of endometrium showing radiation changes.
Moderately well differentiated ACE (GDH). 
Presented with PM bleeding. Treated with 2 
caesiums (cavity 5cm), and surgery.
Well differentiated ACE. Presented with PM 
bleeding. Appetite good but has lost one stone 
in weight. Treated by caesium (cavity 6cm), 
and extended hysterectomy - the endometrium 
almost completely replaced by moderately to 
well differentiated ACE and the myometrium was 
involved to a depth of 1cm, therefore given 
post operative ER and maintained on Provera.
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Name Age Saoke QC STG 
D.I. 64 - - I
O.J. 70 - - III
M.L. 51 - - I
E.L. 79 - - I
M.L. 61 - - I
W.M. 73 - - I
Moderately differentiated ACE (GDH). Presented 
with PM bleeding. Treated by 2 caesiums 
(cavity 5.5cm), and total abdominal 
hysterectomy and salpingo oophorectomy - 
moderately differentiated ACE extensively 
Invading myometrium and breaching the serosa. 
Begun on Provera.
Moderately well differentiated ACE. Presented 
with PM bleeding and lower abdominal pain. 
Endometrial tumour that has spread to cervix 
and left pelvic wall. Treated by ER, and 2 
caesiums (cavity 10 cm) - disease not 
controlled but not operated on because of her 
age.
Well differentiated ACE (CHW). Presented with 
heavy and prolonged periods. Treated by 2 
caesiums (cavity 7.5cm), and extended 
hysterectomy and bilateral salpingo 
oophorectomy - no residual disease.
Well to moderately differentiated ACE.
Presented with PM bleeding. Treated by 2 
caesiums (cavity 10cm).
Well differentiated ACE. Presented with PM 
bleeding. Treated with 1 caesium (cavity 
5.5cm), and total abdominal hysterectomy and 
bilateral salpingo oophorectomy - showed 
myometrial involvement to just over 50% and 
focus of adenocarcinoma in right ovary.
Started on Provera and given ER.
Well differentiated papillary ACE. Presented 
with PM bleeding. Treated by 2 caesiums 
(cavity 8cm), and extended hysterectomy and 
bilateral salpingo oophorectomy - no evidence 
of residual disease.
Well differentiated ACE with focus of squamous 
metaplasia. Presented with iron deficient 
anaemia and abnormal periods. Treated by 2 
caesiums (cavity 7cm) and and extended 
hysterectomy and bilateral salpingo 
oophorectomy - left common iliac glands 
involved ,only slight involvement of 
myometrium. Started on Provera and given post 
operative ER.
Clinical details
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Nane Age Smoke 
L.M. 63 -
F.V. 61 - 
Q.W. 67 Y 
B.W. 67 -
F.S. 84 - 
E.G. 65 -
I Moderately well differentiated ACE of
mesonephroid type. Presented with PM bleeding. 
Lost 3 stone in weight over last 4 months. 
Treated by 1 caesium and extended hysterectomy. 
Recovered well and initially no evidence of 
residual disease - 5 months later small nodule 
at upper end of wound and deposits in the small 
bowel and gastrocolic omentum. Chest X ray 
revealed what may be a secondary tumour.
Treated by chemotherapy (Price Hill regimen). 
Two episodes of minor epilepsy - CAT scan 
revealed cerebral and pulmonary metastases that 
enlarged on chemotherapy. Admitted to GDH with 
unsteady gait, drowsiness and weakness as a 
result of brain metastases.
I Well differentiated papillary ACE. Presented 
with PM bleeding. Treated by 2 caesiums 
(cavity 9.5cm) and extended hysterectomy - ACE 
at one point invading 7-8mm into stroma, 
superficial deposits in left ovary. Given post 
operative ER.
I Well differentiated ACE. Presented with PM
bleeding. Treated by 2 caesiums and abdominal 
hysterectomy and bilateral salpingo 
oophorectomy - invasion of myometrium not 
extending to serosa, bulky deposit of secondary 
tumour in left ovary. Given post operative ER.
I Well differentiated ACE. Presented with PM
bleeding. Treated by 1 caesium (cavity 6cm), 
and extended hysterectomy - moderately 
differentiated ACE throughout endometrium 
extending to 75% myometrial depth anteriorly 
and 90% posteriorly. Started on Provera and 
given post operative ER.
I Well differentiated ACE (SL). Presented with
PM bleeding. Treated by hysterectomy.
I Well differentiated ACE (SL). Presented with
PM bleeding. Treated by total abdominal 
hysterectomy and bilateral salpingo 
oophorectomy - ACE replacing whole of 
endometrial lining and invading inner third of 
myometrium.
PC STG Clinical details
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Naae Age Smoke OC Clinical details
A.S. 56 — — CIN III - extensive involvement of glandular
and surface epithelium, no evidence of 
microinvasion. Treated by cone biopsy and ER.
G.J. 58 - - Histologically carcinoma in situ (CIN III) with
extension into endocervical glands but no 
definite invasive carcinoma. Treated by ER, 1 
caesium and hysterectomy.
C.B. 33 Y CIN II-III on colposcopy following several
abnormal smears. Treated by laser vaporisation 
of ATZ to 7mm.
J.B. 46 - - CIN I on colposcopy following abnormal smear
(suggested CIN III,_confirmed by cytology). 
Treated by laser vaporisation of entire ATZ.
J.C. 26 - - CIN II-III detected on smear during pregnancy.
Treated by laser vaporisation of ATZ.
k.C. 55 - CIN II on smear. Treated by cone biopsy as
lesion in canal - appearance consistent with 
plane (flat virus) wart infection.
M.D. 43 - Patchy severe dysplasia (CIN III). Treated by
laser vaporisation of entire ATZ.
L.G. 30 - - CIN III on colposcopy biopsy. Treated by laser
vaporisation of ATZ.
M.H. 43 Y - CIN II-III in a plane wart following 2 years of
abnormal smears. Treated by laser vaporisation 
of ATZ.
R.H. 35 Y CIN III. Treated by laser vaporisation of ATZ.
L.J. 31 Y Y Squamous cell carcinoma in situ (CIN III)
without micro invasion. Treated by laser 
vaporisation to entire ATZ.
E.K. 26 Y - CIN II on smear and biopsy. Treated by laser
vaporisation of ATZ.
M.K. 43 Y - CIN I on colposcopy following repeated abnormal
smears. Treated by laser vaporisation of ATZ.
J.O. 39 - CIN II detected at hysterectomy, performed
because of menorrhagia and fibroids. The CIN 
was associated with wart virus infection.
CLINICAL DETAILS OF CIN PATIENTS.
Name Age Smoke PC 
J.P. 52 Y
S.S 33 Y
P.S. 40 Y
A.W. 31
CIN II associated with plane wart infection. 
Treated by laser cone biopsy.
CIN II associated with adenocarcinoma in situ 
of the endocervical canal - no evidence of 
invasion. Treated by laser cone biopsy.
CIN H I  associated with warty papilloma. 
Treated by laser vaporisation of ATZ.
CIN III - no evidence of micro invasion. 
Treated by laser vaporisation of ATZ.
Clinical details
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CLINICAL DETAILS OF PATIENTS WITH NON MALIGNANT GYNAECOLOGICAL 
DISEASES.
Name Age Smoke OC Clinical details
M.A, 38 Y - Presented with menorrhagia. Treated by total
abdominal hysterectomy.
S.A. 47 - - Presented with increasingly painful
dysmenorrhoea. Treated by total abdominal 
hysterectomy - pelvic organs adhered with 
fibrosis and endometriosis.
A.B. 72 - - Presented with iliac fosa pain. Diagnostic
laparoscopy revealed large fundal fibroid.
H.B. 50 Admitted for D+C for dysfunctional uterine
bleeding - currettings suggestive of 
anovulatory cycles.
R.B. 43 - - Admitted for laparoscopic sterilisation - found
to have adnexial fullness and pelvic 
tenderness. Laparoscopy revealed widespread 
active endometriosis grade 4 all over the back 
of both broad ligaments and straw coloured 
collection of fluid in the pelvis - all visible 
deposits vaporised.
B.B. 45 - Y Admitted for D+C with menorrhagia. Uterine
polyp removed - no malignancy.
S.B. 49 Y - Admitted for diagnostic laparoscopy with dull
pain in the right iliac fosa - no 
gynaecological problems, probably irritable 
bowel syndrome.
J.B. 46 - - Admitted for D+C with perimenopausal bleeding.
No abnormality detected.
M.B. 32 - - Admitted for laparoscopy and D+C for primary
infertility. Some adhesions found but 
otherwise normal.
J.B. 41 - - Admitted with menorrhagia, D+C - currettings
suggest cycles may be anovulary.
W.B. 54 - - Presented with recurrent cervical polyp. Huge
cervical polyp removed - no malignancy.
J.B. 41 Y - Presented with menorrhagia. D+C revealed
cervical polyp - no malignancy.
M.B. 71 - - Admitted for anterior repair and vault repair.
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M.B.
C.B.
J .B.
S.C.
A.C.
B.C. 
E.C. 
J.D.
S.D.
M.E.
D.E. 
V.F.
FJF.
R.F.
Name
50 Admitted with post coital and irregular
menstrual bleeding, D+C - congested 
endometrium.
31 - Y Admitted for laparoscopic sterilisation -
normal operation.
- - Presented with menorrhagia. Treated by total
abdominal hysterectomy - benign myometrial 
leiomyomas found.
40 - - Presented with menorrhagia, D+C - normal
currettings.
35 - - Admitted 8 weeks pregnant with threatened
miscarriage.
6b - - Admitted with PM bleeding, D+C - small degree
of haematocolpos, no currettings
75 - - Admitted for total hysterectomy because of
procidentia.
40 - Admitted for laser laparoscopy - yellowish
fluid in the pouch of Douglas, multiple
telangiectasia. Vault lasered superficially.
46 Presented with irregular periods and abdominal
pain. D+C and laparoscopy - deposit 
of endometriosis in left ovarian bed and an 
endometrioma on right ovary. Treated by laser.
41 - - Admitted with menorrhagia. Treated by total
abdominal hysterectomy.
29 Presented with menorrhagia. D+C - currettings
normal.
- Y Presented with lower left sided abdominal pain
and dyspareunia. Laparoscopy revealed several 
discrete deposits of endometriosis - treated by 
laser.
69 - ~ Admitted for colposcopy - no obvious
dystrophy, vulval biopsies revealed 
dermatophytosis.
37 Presented with right sided pelvic pain.
Laparoscopy revealed retroverted uterus and 
intensely congested pelvis - treated by hod 
pessary.
Age Smoke OC Clinical details
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J . F .
M.G.
D.C.
W.G.
M.G.
P.H.
J .h .
I.h.
D.H.
R.H.
M. J .
C.J.
V.L.
P.L.
S.L.
J.L.
S.M.
K.M.
Li.W.
Name
55 - - Admitted with stress incontinence. Treated by
Burch colposuspension.
59 - - Presented with PM bleeding. D+C - normal
currettings.
36 - - Admitted for laparoscopic sterilisation.
27 - - Presented with vaginal granulomas and abdominal
pain. Treated by laser vaporisation.
33 - - Admitted for laparoscopic sterilisation.
45 - - Presented with menorrhagia. D+C - normal
curettings.
46 - - Admitted for total abdominal hysterectomy
because of pain associated with broad ligament 
varicosity.
62 - - Admitted for removal of urethral caruncle.
N
29 - - Admitted for D+C - normal currettings.
51 - - Presented with PM bleeding. D+C - currettings
show metropathia haemorrhagica.
63 - - Admitted for pelvic floor repair. Histology -
kraurosis vulvae.
40 - Y Admitted for D+C and sterilisation.
52 - - Presented With PM bleeding. D+C - cystocoele
with some vault descent. Curretings - benign 
endometrial polyp and fibroadenomatous 
endocervical polyp.
52 - - Admitted with lower abdominal pain and
perimenopausal polymenorrhoea. D+C - collapsed 
disintegrating menstrual endometrium.
25 - - Admitted for laser to vaginal granulomas and
gardinella infection - treated by Flagyl.
19 - Y Admitted for diathermy to vulval warts.
39 Y Y Admitted for laparascopic sterilisation.
35 - - Admitted for investigation of fertility.
One patch of endometriosis and fibroid noted.
44 - - Admitted for D+C and laparascopic
sterilisation.
Age Smoke OC Clinical details
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J.M.
P .M .
G.M.
M.N.
N.N.
C.N.
E.N.
U.O.
M.P.
E.P.
J.P.
E.P.
N.R.
b.R .
P.R.
Name
40 - Admitted for severe left iliac fosa pain -
omentium stuck to abdominal wall, adhesions in 
left iliac fosa between bowel and pelvic wall.
40 - - Admitted with vaginal bleeding - endometriosis
all over vaginal vault and pelvic side walls - 
treated by laser vaporisation.
49 Admitted withahistory of dysfunctional
uterine bleeding. D+C - large endometrial 
polyp removed - no malignancy.
22 Y Y Admitted with left sided dyspareunia and left
iliac fosa pain. Laparoscopy - very fluid 
cervix with erosion, treated by cryocautery.
54 - - Presented with PM spotting. D+C and
hysteroscopy - retichial haemorrhage, 
currettings normal.
33 - - Admitted for D+C because of menorrhagia -
normal currettings.
31 - - Admitted for ventrosupression and laparoscopy -
uneventful.
52 - - Presented with PM bleeding. D+C - normal.
40 Y - Presented with intermenstrual bleeding. D+C -
nabothian follicles pierced, cervix treated by 
diathermy and cautery.
41 - - Admitted for D+C and polypectomy following long
history of intermenstrual bleeding - 
endocervical polyps removed, no malignancy.
53 - - Admitted for D+C and polypectomy following two
year history of irregular bleeding - polyp 
diathermied, no evidence of malignancy.
63 - - Admitted with vulval dystrophy. Treated by
experimental skinning vulvectomy with CO2  
laser.
Age Smoke PC Clinical details
26 - - Admitted for removal of IUCD.
28 - - Admitted for investigation of secondary
infertility - normal on laparoscopy.
28 - Y Admitted with lower abdominal pain.
Laparoscopy revealed hydrosalpinx, no typical 
endometriosis.
Name Age Smoke OC Clinical details
O.R.
M.S.
S.T.
E.T.
P.T.
S.W.
S.U.
Z.W.
C.W.
J.W.
J.Y.
50 Admitted with PM bleeding. D+C - curettings
revealed menopausal endometrium.
35 Y Admitted for total abdominal hysterectomy
because of menorrhagia and considerable 
abdominal pain and premenstrual tension.
34 - Admitted for investigation of infertility.
Laparoscopy revealed fibroids in uterus and 
endometriosis in ovarian beds and cervix.
Tubes filled normally but spill only on right.
56 Y - Presented with PM bleeding. D+C - no
curettings.
30 Y - Admitted for laparoscopy and dye for primary
infertility - no fill or spill.
29 - - Admitted with severe premenstrual tension and
congestive dysmenorrhoea. Laparoscopy - normal 
except l-2cm cyst on left ovary.
34 - - Routine admission for laparoscopic
sterilisation.
29 Y - Presented with menorrhagia. D+C - currettings
suggestive of mild endometritis.
69 - - Admitted with PM bleeding. D+C - normal.
27 - Admitted for vaginal termination of pregnancy
(10 weeks pregnant).
38 Y - Admitted for termination of pregnancy (9 weeks
pregnant).
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APPENDIX V I.
U R O L O G Y  S T U O Y
NAME SEX M /  F
MARITAL STATUS DATE OF BIRTH
REPORTED HEIGHT (ACTUAL HEIGHT )
REPORTED WEIGHT (ACTUAL WEIGHT )
Have there been any changes in your weight during the la s t year ?
Do you have a good app e tite  ?
Have you noticed any changes in your ap p e tite  ?
We are in teres ted  in your usual consumption o f c e rta in  foods. There are no r ig h t  
or wrong answers. Try and th ink  back over the las t few months when you answer the 
quest ions.
1. How o ften  do you eat potatoes ?
When you have potatoes, how many wouid you eat at a time ? (show photograph)
2. How o ften  to you ea t peas 7
How many peas would you ea t at a time ?
3. How o ften  do you eat green beans (e .g . runner beans, french beans, broad beans e tc . )  ? 
When you have green beans, how many would you eat a t one time ?
How o ften  do you e a t dark green vegetab les , such as spinach or spring greens
How large is  your usual p o rtio n  o f dark green vegetables ?
How o fte n  do you ea t ca rro ts  ?
What s ize  is your usual p ortio n  o f carro ts  ?
How o ften  do you e a t l iv e r  7
When you have l iv e r ,  how much would you have a t  one time 7 
How o ften  do you e a t tomatoes 7
When you have to m atoes,  how many w ould  you have a t  a time ?
How o fte n  do you ea t salad  vegetables 7 
How much salad would you e a t a t  a time ?
How many s lic e s  o f  bread to  you ea t in  a day ?
Are they usually  from a la rg e  Joaf o r a small lo a f  7 
Do you u sually  spead b u tte r  o r margarine on your bread 7
Do you spread b u tte r  o r m argarine th in ly ,  th ic k ly  o r something inbetween 7 
Would you usually  spread i t  a t  room temperature o r s tr a ig h t  from the fr id g e  ?
Do you ever e a t crispbreads o r cream -crackers 7 
About how many do you have in  a week 7
Do you usually  ea t them w ith  b u tte r  o r margarine o r do you ea t them dry 7
Do you add b u tte r  to  any food o th er than speading on bread or crisp bread s , 
e .g . on vegetables o r potatoes 7
How o ften  7
How much b u tte r  o r margarine 7
How o fte n  do you ea t cheese 7
When you have cheese, how much would you ea t a t a time 7
10. How o ften  do you ea t fresh f r u i t  7
What so rt o f  f r u i t  to you usually  ea t 7
Do you have f r u i t  ju ic e  7
Would you usually  have a small glass or a large glass 7
11. Do you ever d rink  f r u i t  squash or Ribena 7 
Which sorts  7
How o ften  7
12. How many eggs do you eat in  a week 7
13. How much m ilk to you usually  use fo r  y o u rs e lf each day 7
14. Do you take any v itam in  or m ineral supplements 7 (d e ta i ls )
Smoking H is to ry  
Do you smoke 7
How many c ig a re t te s , c ig a rs , p ip es fu l 7 
For how many years have you smoked 7
During th is  tim e, did  you ever smoke more o r less than you do now 7 
Have you ever smoked in  the past (d e ta ils )
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Occupation h is to ry
PRESENT OCCUPATION (o r la s t i f  re t ire d )  
NUMBER OF YEARS IN THIS OCCUPATION
HAVE YOU EVER WORKED IN ANY OF THESE INDUSTRIES:
Dye in d u s try , Rubber and cable works, H a ird ress ing , Leather work, Spray p a in tin g , 
T e x tile  weaving, Petroleum in d u s try , Medical work ?
HAVE YOU EVER WORKED WHERE THERE WAS A LOT OF DUST OR FUMES 7
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BLADDER CANCER STUDY.
PATTERN OF FOOD CONSUMPTION - CATEGORIES.
Four categories were defined for each food. Values are grams per
APPENDIX VII,
week.
FOOD 1 2 3 4
Potato 0 1-1470 1471-2940 >2940
Peas 0 1-160 161-320 >320
Green beans 0 1-80 81-160 >160
Dark green 0 1-80 81-160 >160
vegetables
Cabbage 0 1-80 81-160 >160
Carrots 0 1-80 81-160 >160
Liver 0 1-130 131-260 >260
Tomatoes 0 1-80 81-160 >160
Salad 0 1-35 36-70 >70
Butter 0 1-175 176-350 >350
Margarine 0 1-130 131-260 >260
Cheese 0 1-349* 350-700 >700
Apple s 0 1-839 840-1680 >1680
Oranges 0 1-299 300-600 >600
Banana 0 1-239 240-480 >480
Fruit juice 0 1-839 840-1680 >1680
Eggs 0 1-120 121-240 >240
Milk 0 1-1988 1989-3976 >3976
Name Sex Age Diagnosis
(years)
APPENDIX VIII.
Clinical details of bladder cancer patients.
T.J. M. 80 Poorly differentiated transitional cell 
carcinoma,invading lamina propria,with 
focal invasion of smooth muscle.
G.H. F. 89 Poorly differentiated(anaplastic) 
transitional cell carcinoma,with 
extensive invasion of lamina propria and 
focal infiltration of smooth muscle.
I.D. M. 75 Stage IV.B transitional cell carcinoma 
of bladder (invasion into prostate).
B.L. M. 57 Extensive carcinoma insitu with cystic 
follicularis (no invasion).
C.H. M. 63 Two recurrences in bladder diverticulum.
G. B. M. 48 In situ carcinoma of bladder.
D.B. M. 75 Average grade transitional cell 
carcinoma,no invasion.
W.P. F. 70 Three small recurrences diathermied.
R.B. M. 74 Small recurrence diathermied.
B.S. F. 65 One recurrence diathermied.
W.T. M. 60 Scattered recurrences diathermied.
G.K. M. 68 One large and several small recurrences, 
poorly differentiated transitional cell 
carcinoma,with extensive invasion of 
smooth muscle.
A.W. M. 61 Small papillary tumour diathermied.
R.E. M. 56 One recurrence diathermied.
J.R. M. 71 Large papillary transitonal cell 
carcinoma,well differentiated, no 
invasion.
A.A M. 73 Recurrences diathermied.
R.G. M. 72 Multiple recurrences diathermied.
L.C. F. 83 Well differentiated transitional cell
Name Sex Age
(years)
Diagnosis
L.T. M. 62 Well differentiated transitional cell 
carcinoma, no invasion.
E.D. F. 70 Well differentiated transitional cell 
carcinoma, no invasion.
D.L. M. 81 One recurrence diathermied.
D.K. M. 58 Two recurrences diathermied.
S.S M. 80 One recurrence diathermied.
S.G. M. 61 Several recurrences diathermied.
C.G. F. 69 Gross multiple recurrences diathermied.
M.B. M. 65 Multiple recurent transitional cell 
carcinoma, well differentiated,no 
invasion.
W.R. F. 68 Well differentiated transitional cell 
carcinoma, no invasion.
M.W. F. 69 Carpet like area of low grade papillary 
lesions (recurrence).
A.A. M. 72 Multiple recurrences diathermied.
K.R. M. 80 Well differentiated transitional cell 
carcinoma, no invasion.
E.L. F. 75 Well differentiated transitional cell 
carcinoma, no invasion.
Clinical details of patients with no recurrence detected on 
cystoscopy.
Name Sex Age
(years)
Diagnosis
D.G. M. 61 No recurrence.
D.C. M. 62 No recurrence.
J.W. M. 61 No recurrence.
M.C. F. 65 No recurrence.
F.S. M. 74 No recurrence.
R.G. M. 56 No recurrence.
A. A. M. 69 No recurrence.
H.B. M. 67 No recurrence.
S.P. M. 67 No recurrence.
I.B. M. 60 No recurrence.
C.M. M. 80 No recurrence.
A.N* M. 88 No recurrence.
R.C. M. 74 No recurrence.
J.A. M. 79 No recurrence.
H.M. M. 72 No recurrence.
C.S. M. 56 No recurrence.
G.G. M. 73 No recurrence.
T.B. M. 63 No recurrence.
K.W. F. 72 No recurrence.
A.L. F. 58 No recurrence.
W.D. M. 72 No recurrence.
T.G. M. 74 No recurrence.
W.B. M. 73 No recurrence
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Name Sex Age Diagnosis
(years)
D.h. F. 77 No recurrence.
I.B. M. 60 No recurrence, radiation changes
A.D. M 77 No recurrence.
A.R. M. 72 No recurrence.
V.O. M. 66 No recurrence.
H.T. M. 82 No recurrence.
L.S. M. 61 No recurrence.
J.B. M. 66 No recurrence, 
hyperplasia.
benign prostatic
F.C. F. 74 No recurrence.
C.H. M. 37 No recurrence.
h.C. F. 76 No recurrence.
R.W. M. 83 No recurrence.
disease.
Control group: patients with non malignant urologic
Name Sex Age
(Years)
Diagnosis
A.A M. 84 Bladder calculi.
l.B. M. 25 Right ureterocoele.
V.J. M. 65 Trabeculated bladder and benign 
prostatic hyperplasia.
C.M. M. 39 Bladder out flow obstruction (neatomy 
performed).
T.C. M. 74 Benign prostatic hyperplasia.
E.S. M. 65 Benign prostatic hyperplasia.
W.B. M. 57 Haematuria (probably cystoprostatitis)
L.A. M. 65 Bilateral epididimal cyst excision.
R.M. M. 67 Benign prostatic hyperplasia.
F.L. F. 62 Haematuria (no adnormality detected on 
cystoscopy).
J.H. M. 70 Benign prostatic hyperplasia.
E.G. M. 79 Benign prostatic hyperplasia.
J.M. M. 52 Haematuria (no abnormality detected on
cystoscopy.
W.D. M. 81 Benign prostatic hyperplasia.
W.H. M. 76 Benign prostatic hyperplasia.
F.C. F. 72 Haematuria (no abnormality detected on 
cystoscopy).
E.B. F. 81 Mild inflamation over trigone.
H.K. M. 68 Right inginal hernia repair and benign 
prostatic hyperplasia.
B.H. M. 58 No abnormality detected on cystoscopy.
J.N. M. 80 Benign prostatic hyperplasia.
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Name
C.U.
J.D.
E.B.
F.M. 
M.L. 
W.D.
T.O.
T.T.
E.B.
G.L.
S.S. 
A.S.
J.S.
Clinical details of miscellaneous patients.
Sex Age Diagnosis
(years)
M. 74 Benign prostatic hyperplasia, (previous
leukoplakia of the mouth).
M. 80 Emergency admission, haematuria (clot
removed). Rib fractures, hepetomegaly, 
hereditary haemorrhagic telangiectasia.
M. 82 Poorly differentiated adenocarcinoma
of prostate.
M. 60 Benign prostatic hyperplasia, (previous
colon carcinoma).
F. 66 No recurrence of bladder carcinoma,
(previous breast carcinoma).
M. 80 Multiple recurrences diathermied,
(previous basal cell carcinoma and 
transitional cell carcinoma of urethra).
M. 68 Stage IV B transitional cell carcinoma of
bladder, poorly differentiated, invading 
prostate. Bronchial carcinoma diagnosed 
on admission, (previous basal cell 
carcinoma of nose).
M. 74 Benign prostatic hyperplasia, (previous
double primary lung carcinoma).
M. 73 Cystoscopy and left pyelolithotomy,
(previous basal cell carcinoma).
M. 65 Possibly bladder carcinoma, died in
hospital with acute left ventricular 
failure.
M. 82 No recurrence of bladder carcinoma,
(poorly differentiated adenocarcinoma 
of prostate diagnosed at cystoscopy).
M. 76 Benign prostatic hyperplasia, (poorly
differentiated broncheoalveolar 
adenocarcinoma diagnosed on admission).
M. 69 No recurrence, (previous tumour of ear
drum).
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Name
L.J.
G.V.
W.A.
Sex Age Diagnosis
(years)
M. 85 Panendoscopy and meatoplasty, (previous
adenocarcinoma of prostate).
F. 58 No recurrence, (previous ovarian 
carcinoma).
F. 77 No recurrence, (previous in situ ductal
breast carcinoma).
Smoking habits and occupational exposure of bladder cancer patients.
Name current
smoking
habits
Date Duration 
smoking of 
ceased smoking
Maximum
tobacco
use
Work in 
high risk 
industry
T.J. NS 1968 50 years 20/day -
G.H. NS 1918 4 years casual -
l.D. NS 1953 26 years 10-20/
day
-
B.L. NS 1973 5 tins/ 
day
spray
painting
C.H. 10 small 
cigars
45 years loz/day
(pipe)
-
G.B. NS - - - -
D.B. NS 1976 55 years 9oz/week
(pipe)
-
W.P. 20/day - 54 years 40/day -
R.B. NS 1976 46 years loz/week
(pipe)
spray
painting
B.S. 10/day - 57 years 20/day leather
work
W.T. NS - - - -
G.K. 2oz/week
(pipe)
- 4 years 2oz/week
(pipe)
-
A.W. NS 1981 45 years 2oz/week
(pipe)
-
R.E. 10-20/
day
- 27 years 15-20/
day
-
J.R. NS 1976 48 years 60/day -
A.A. NS 1977 49 years 10/day -
R.G. 10-15/
day
- 58 years 30/day -
Exposure to 
dust or fumes
fumes from 
chemicals
work in garage 
- fumes from 
exhausts
dust from 
casting
plaster
dust
fumes from 
gas plaqt
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Name current Date Duration Maximum Work in Exposure to
S.G.
C.G.
h.B.
W.R. 
M.W. 
A.A.
E.L. 
R.W. 
N.M.
smoking gave of 
KaSits up smoking
tobacco high risk dust or fumes
use industry
1963 23 years 40/day
1958
1 cigar/ 
week
K.R. 15/day
NS
3oz/week - 
NS
65 years 
46 years 
39 years
15/day - 55 years
10/day - 51 years
NS 1975 42 years
NS
NS
40/day
20/day
1-2/day
40/day 
15/day 
40/day
20-30/
day
37 years 
52 years 15/day
rubber and 
cable work
30 years 3oz/week
dust from 
umbrella and 
stick making
dust in 
building work 
and boat 
building
Smoking habits and occupational exposure of patients with no recurrence
of bladder cancer.
Name current
smoking
habits
Date
gave
Duration
of
smoking
D.G. NS 1967 37 years
D.C. 5/day - 20 years
J.W. 15/day - 43 years
M.C. NS - -
F.S. 12/day — 58 years
E.G. NS 1976 34 years
A. A. NS 1981 55 years
H.B. 6/day — 51 years
S.P. loz/day - 50 years
I.E. NS 1948 6 years
C.M. NS 1976 55 years
A.N. NS 1938 23 years
R.C. NS - -
J .A. 8-12/
day
- 66 years
H.M. NS 1947 30 years
C.S. NS 1975 32 years
G.G. NS 1981 51 years
T.B. 5/day - 49 years
Maximum Work in 
tobacco high risk 
use industry
30-40/
day
5/day textile
weaving
20-25/
day
20-25/ spray 
day painting
50/day
20-30/
40/day leather 
work and 
spray 
painting
loz/day -
casual -
35/day
4 pipes/ -
day
20-30/
day
20-30/
day
40/day -
40/day -
20/day leather
Exposure to 
dust or fumes
dust from 
building work
worked in dusty 
environment
dust from sand 
blasting and 
hydrofluoric 
acid fumes
fumes in 
garage
dust in factory
fumes when
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Name
K.W.
A.L.
W.D.
T.G.
W.B.
D.H.
I.B.
A.D.
A.R.
V . O .
H.T.
L.S.
J.B.
F.C. 
C.H.
H.C.
R.W.
G.B.
E.L.
current Date 
smoking gave
Duration
of
smoking
Maximum Work in Exposure to 
tobacco high risk dust or fumes 
use industry
work . spraying leather
NS - - - - -
NS 1981 35 years 30/day - exposed to asbestos dust
NS 1956 32 years 1.5oz/
week
petroleum
industry
fumes in oil 
testing
NS 1953 33 years 40/day - -
4-5/day - 50 years 10/day - -
NS - - - - fumes from dry 
cleaning work
NS 1948 6 years casual - -
NS 1979 59 years 3oz/week - exposure to 
anthracite dust
10/day - 58 years 10/day - dust and fumes in 
plastics factory
15/day - 53 years 15/day - -
NS 1978 63 years 20/day - -
NS 1980 40 years 4uz/week - -
loz/week
(pipe)
- 20 years 4oz/week
(pipe)
- -
NS 1963 36 years 1/day - -
NS mm exposure to dust 
from agricultural 
chemicals
NS 1946 20 years 2/day - -
NS 1980 65 years 10/day - dust in building 
work
NS - - - _ -
NS 1967 43 years 20/day - -
Smoking habits and industrial exposure of patients with non malignant
urologic diseases.
Name Current
smoking
habits
Date
gave
up
Duration
of
smoking
Maximum
tobacco
use
Work in 
high risk 
industry
A. A. NS 1953 41 years 4-5/day -
I.B. NS 1981 6 years 20/day -
V.J. NS 1950 15 years 10/day -
C.M. NS - - - -
T.C. NS 1970 40 years 3oz/week -
E.S. NS - - - -
W.B. 30/day - 23 years 30/day -
L.A. NS - - - -
R.M. NS 1975 45 years 60/day -
F.L. NS 1967 30 years 5/day hair­
dressing
J.H. 10/day _ 52 years 2oz/week spray
painting
E.G. NS 1963 44 years 2oz/week -
J.M. NS - - - -
W.D. NS 1966 51 years 20/week -
W.H. NS 1959 33 years 20/day -
F.C. NS - - - -
E.B. NS - - - -
H.K. NS 1943 9 years 20/day -
Exposure to
exposure to wood 
dust and fumes 
from exhausts
fumes and dust in 
foundry
ammonia fumes in 
hairdressing
dust in building 
work
fumes in garage
fumes from 
chemicals in 
printing
318
Name Current Date Duration Maximum Work in
smoking
habits
gave
up
of tobacco high risk
smoking use industry
B.H. 
J.N. 
J.P.
C.P. 
W . A .
R.M.
F.S.
B.H. 
W.C.
C.P. 
H.T.
C.T.
W.L.
G.H. 
M.J.
NS
NS
NS
NS
20-25/
day
10-20/
day
NS
NS
NS
NS
0.5oz/
day
NS
20/day 
7/day 
NS
1958 39 years 20/week
1982 45 years 40/day
14 years 40/day
23 years 30-35/ 
day
1982 23 years 10-15/
day
petrol
industry
1960 20 years loz/week spray
(pipe) painting
1971 6 years 30/day
51 years 0.5oz/
day
1929 20 years 8/day spray
painting
- 53 years 20/day
56 years 7/day -
- - textile
work
J.L. NS 1980 40 years 20/day
Exposure to 
dust or fumes
fumes in 
garage
fumes in garage
dust in tarmac 
plant
dust in theatres
dust in wool 
factory
dust in mines
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Smoking habits and industrial exposure of miscellaneous patients.
Name Current
smoking
habits
Date
gave
Duration
of
smoking
Maximum
tobacco
use
Work in 
high risk 
industry
C.U. 4-5/day - 25 years 10/day -
J.D. 20/day - 65 years 30/day -
F.M. NS 1979 41 years 0.5oz/ 
day
-
E.B. NS 1943 26 years 1.5oz/
week
(pipe)
M.L. 10/day - 30/years 10/day -
W.D. NS 1963 30 years 2oz/week
(pipe)
-
T.O. 6 small 
cigars/ 
day
57 years 60/day
T.T. 2/day - 60 years 3oz/week -
E.B. NS 1980 52 years 60/day rubber
industry,
spray
painting
G.L. 20/day - 50 years 20/day -
s.s. NS 1956 26 years 20/day -
A.S. NS 1983 62 years 20/day spray
painting
J.S. NS 1973 38 years 60/day spray
painting
L.J. NS - - - -
G. V. NS - - - -
W. A. NS — _ —
Exposure to 
dust or fumes
dust in mines
dust on steam 
engines
dust in workshop
fumes from 
aircraft engines
dust in building 
work
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CLINICAL DETAILS OF PATIENTS WITH NON EPITHELIAL TUMOURS. 
Abbreviations used: MFH = malignant fibrous histocytoma. 
SARCOMA PATIENTS.
APPENDIX IX.
Name Sex Age Clinical details.
M.C . M 42 MFH of thigh. Appetite poor and weight
G.W. F 69 MFH of upper arm.
M.S. F 46 MFH of hip. Very active bulky tumour, 
developed lung secondaries.
E • vi. M 8 3 MFH of thigh.
s.c. F 52 MFH of thigh. Massive tumour.
E.B. M f -r 02 MFH of thigh.
M.T. M 6 0 Retroperitoneal MFH.
A.N. M 76 MFH of upper arm.
A.S. F 50 Fibrosarcoma.
K.G. F 22 Retroperitoneal leiomyosarcoma.
M.I. M 19 Osteosarcoma of right femur.
D.S. K 44 Pleiomorphic sarcoma of upper arm.
G.S. M 38 Pleiomorphic sarcoma of thigh.
F.C. F 35 Pleiomorphic sarcoma of upper arm.
S .B. F 23 Synovial sarcoma of buttock.
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Abbreviations used: MM = malignant melanoma.
MALIGNANT MELANOMA PATIENTS.
Name Sex Age Clinical details.
R.R. M 68 ' Stage I MM.
J.C , F 52 Stage I MM (deceased).
D .1. F 56 Multiple mole syndrome.
B.C. F 52 Stage II MM.
B.L. F 56 Stage II KM (deceased).
B.R. F 51 Stage II MM (now has recurrent disease).
E.E, M 26 Stage II MM.
B.T. F 58 Stage II MM,
B.E. M 58 Stage II MM.
H.M. F 70 Stage II MM (advanced very rapidly to stage 
III, died within 3 months).
D.S. F 51 Stage IX MM.
D.A. M 49 Stage II MM (now has recurrent disease).
R.C. F 48 Stage II MM.
A.K. F 48 Stage II MM.
J.C. M 64 Stage II MM (huge left axillary MM, decease<
